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EQUALIZATION PROFILES FOR DYNAMIC
EQUALIZATION OF AUDIO DATA

RELATED PATENT APPLICATIONS

The present application 1s a continuation filed under 35
U.S.C. 111(a) of International Patent Application No. PCT/
US2010/034683 having International filing date of 13 May
2010 and ftitled EQUALIZATION PROFILES FOR
DYNAMIC EQUALIZATION OF AUDIO DATA, the con-
tents of which are incorporated herein by reference. Interna-
tional Patent Application No PCT/US2010/034683 claims
priority of U.S. Provisional Patent Application No. 61/181,
206 filed May 26, 2009 to inventors Crockett et al., and titled
AUDIOSIGNAL DYNAMIC EQUALIZATION PROCESS-
ING CONTROL, and further claims priority of U.S. Provi-
sional Patent Application No. 61/226,676 filed Jul. 17, 2009
to inventors Crockett et al., and titled EQUALIZATION
PROFILES FOR DYNAMIC EQUALIZATION OF AUDIO

DATA. The contents of each of such U.S. 61/181,206 and
U.S. 61/226,676 are incorporated herein by reference.

FIELD OF THE INVENTION

The present disclosure relates generally to signal process-
ing ol media data, such as signal processing of signal data for
quality enhancement.

BACKGROUND

Equalization processing of an audio signal 1s commonly
used to alter the frequency response of an audio signal to be
within a user specified range and 1s typically achieved by
using an equalization filter whose frequency response can be
adjusted by a user for one or more reasons, such as the
resulting audio signal having improved fidelity, emphasizes
certain frequencies or ranges of frequencies, has undesired
frequency components such as noise removed, and/or
matches perceived timbre of multiple audio signal pieces,
such as songs on a CD or multiple compressed MP3 audio
signal files. Audio signal equalization 1s also commonly used
in {1lm and television production to improve the quality of the
sound, modify and/or match the timbre of audio signal 1n
different scenes or to match individual audio signal streams
which comprise a {ilm or television soundtrack. Audio signal
equalization can also be used to modily specific frequencies
and to make an audio signal perceptually louder, as well as to
compensate for frequency dependent deficiencies 1n an audio
signal reproduction apparatus.

Many types ol equalizations are known. Such equaliza-
tions, however, do not take into account the time varying
nature of the audio signal 1tself.

Recently, perceptual domain processing has been invented
that takes 1nto account the variation in the perception of audio
depending on the reproduction level of the audio signal. See,
for example, International Application PCT/US2004/
016964, published as WO 2004111994. Such processing
includes determining and adjusting the perceived loudness of
an audio signal in an 1mproved manner. A psychoacoustic
model 1s used to calculate a measure of the loudness of an
audio signal 1n perceptual units. Such perceptual domain
loudness measure 1s referred to as specific loudness, and 1s a
measure of perceptual loudness as a function of frequency
and time. When applied to equalization, the process 1s called
dynamic equalization (DEQ). What 1s called “perceptual
domain dynamic equalization” (PDEQ) 1s carried out 1n a
perceptual domain to transform the time-varying perceived
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spectrum of the audio signal to be closer to a desired time-
invariant percerved spectrum. This form of equalization

matches a desired target percerved spectrum while preserving
the perceived dynamic range. This takes into account the
dynamic range and perceived loudness of the audio signal.

Approximate perceptual level dynamic equalization
includes making certain approximations in the determining of
the perceived loudness to obtain an approximate measure of
perceptual loudness as a function of frequency and time.
Approximate dynamic equalization using the approximate
spectral measure of perceived loudness includes determining,
a set of frequency and time domain gains to apply 1n order to
transform the time-varying spectral measure of the audio
signal to be closer to a desired time-1nvariant percerved spec-
trum.

It 1s known how to achieve such perceptual and approxi-
mate perceptual domain dynamic equalization processing.
Related invention of U.S. 61/181,206 describes mechanisms
for controlling one or more properties of the equalization
using one or more pre-determined preset target dynamic
equalization spectra, how much equalization to achieve. In
the case of more than one preset target perceived spectra,
controlling how much the ultimate target perceived spectrum
includes each of the preset spectra. Related Application U.S.
61/181,206 also describes user interfaces for a user to store
dynamic equalization setting, e.g., as a result of listening to
audio and selecting the dynamic equalization setting used for
such audio.

It would be advantageous for users to be able to create
dynamic equalization settings as dynamic equalization pro-
files that are usable by others. It also would be advantageous
to save such dynamic equalization settings in a predefined
format that would be agreed upon by others, so would be
accepted by audio playback devices. It also would be advan-
tageous to save such dynamic equalization settings 1n a pre-
defined format that allows authentication. This would allow
users to share their favorite dynamic equalization settings
with friends and others, similarly to how people share song
playlists on services like 1Tunes. This also would allow com-
mercial iterests to distribute dynamic equalization settings
tor others to use.

It would be advantageous to use dynamic equalization
profiles to process audio to take 1nto account the deficiencies
of the reproduction capabilities of a particular audio system,
¢.g., playback device or element thereof, and to process the
audio accordingly. This could include a non-dynamic system
calibration spectral profile that compensates for a non-tlat
spectral response of speakers, for example. Another advanta-
geous use ol dynamic equalization profiles 1s to limit repro-
duction of some frequencies, for example bass frequencies,
which smaller systems may not be able to reproduce at louder
levels without introducing distortion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a set of filters spaced uniformly on the
Equivalent Rectangular Bandwidth (ERB) scale and used to
determine frequency bands for perceptual domain processing
according to embodiments of the present invention.

FIGS. 2A and 2B each shows a simplified block diagram of
an embodiment 1n the form of a processing system apparatus
for selecting and using a predefined DEQ spectral profile 1n
order to process an audio signal.

FIG. 3 shows a simplified flowchart of an embodiment of a
method of operating an audio signal processing apparatus
such as apparatus to process an audio signal using DEQ
according to a selected predefined DEQ spectral profile.




US 8,929,567 B2

3

FIG. 4A shows a simplified block diagram of a feed-ifor-
ward embodiment of perceptual domain dynamic equaliza-

tion signal processing apparatus in which pre-processing
separates an input audio signal into frequency bands.

FIG. 4B shows a simplified block diagram of a feed-for-
ward embodiment of a dynamic equalization signal process-
Ing apparatus.

FIG. 5 shows an example network, which in some embodi-
ments, the Internet, and in other embodiments, a different
network, that includes an audio processing apparatus and a
profile server, the audio processing apparatus and/or the pro-
file server including one or more aspects of the present mnven-
tion.

FIG. 6 shows 1n the form of a simple block diagram one
example of the contents of a predefined DEQ spectral profile.

FIG. 7A shows a basic slider control interface for dynamic
equalization on a media device according to some embodi-
ments of the present mnvention.

FIG. 7B shows a basic knob control interface for dynamic
equalization on a media device according to some embodi-
ments of the present mnvention.

FIG. 8A shows a basic slider control interface for dynamic
equalization on a media device for application of two
dynamic equalization predefined DEQ spectral profiles
according to some embodiments of the present invention.

FIG. 8B shows a basic knob control interface for dynamic
equalization on a media device for application of two
dynamic equalization predefined DEQ spectral profiles
according to some embodiments of the present invention.

FIGS. 9A and 9B show a slider control interface and a knob
control interface, respectively, each providing a user control
of the application of three different dynamic equalization
predefined DEQ spectral profiles on a media device according,
to some embodiments of the present invention.

FIG. 10 shows a control mterface with a two dimensional
user control element of a control interface for control of the
application of four dynamic equalization predefined DEQ
spectral profiles according to some embodiments of the
present invention.

FIGS. 11 A and 11B show two alternate embodiments of a
control interface for integrated dynamic equalization control
including selecting a dynamic equalization preset profile and
varying the amount of dynamic equalization applied, accord-
ing to some embodiments of the present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

Described herein are apparatuses for and methods of car-
rying out dynamic equalization processing of an audio signal,
such as perceptual domain dynamic equalization and other
types of dynamic equalization, and apparatuses for and meth-
ods of controlling such equalization processing of the audio
signal to dynamically adjust the time-varying spectrum of an
audio signal to more closely match a user specified target
time-1nvariant audio signal spectrum. Also described herein
are computer readable media that include instructions that
when executed by one or more processors of an audio signal
processing apparatus carry out the methods.

Particular embodiments include a method of operating an
audio signal processing apparatus to process an audio signal.
The method includes accepting an audio signal and process-
ing the audio signal using the audio signal processing appa-
ratus according to a selected predefined dynamic equalization
(DEQ) spectral profile to generate a processed audio signal.
The processing includes determining a spectral measure that
1s modified to dynamically adjust the time-varying spectral

10

15

20

25

30

35

40

45

50

55

60

65

4

profile of the audio signal to more closely match a time
invariant spectral profile according to the selected predefined
DEQ spectral profile. The processed audio signal 1s for play-
back 1n a reproduction environment using a reproduction
apparatus.

Particular embodiments include an apparatus for selecting
and using a predefined DEQ spectral profile to process an
audio signal. The apparatus includes one or more processors
configured in operation to process the audio signal according
to a selected predefined dynamic equalization (DEQ) spectral
profile to generate a processed audio signal. The processing
includes determining a spectral measure that 1s modified to
dynamically adjust the time-varying spectral profile of the
audio signal to more closely match a time mvarnant spectral
proflle according to the selected predefined DEQ spectral
profile. The processed audio signal 1s for playback 1n a repro-
duction environment using a reproduction apparatus.

Particular embodiments include a method of operating a
processing system for providing predefined dynamic equal-

ization (DEQ) spectral profiles for use by client processing
systems. The processing system includes one or more proces-
sors, a storage subsystem, and a network interface coupled to
a network, such that the processing system can communicate
with one or more audio signal processing apparatuses that are
coupled to the network. The method comprises storing a set of
predefined DEQ spectral profiles in the storage subsystem,
and distributing directly, or indirectly via another processing
system, one or more of the stored predefined DEQ spectral
profiles to one or more audio signal processing apparatuses
coupled to the network, such that a particular audio signal
processing apparatus coupled to the network, as a result of
receiving a selected predefined DEQ spectral profile, can
process an accepted audio signal according to the selected
predefined DEQ spectral profile to generate a processed audio
signal. The processing includes determining a spectral mea-
sure that 1s modified to dynamaically adjust the time-varying
spectral profile of the audio signal to more closely match a
time variant spectral profile according to the selected pre-
defined DEQ spectral profile. The processed audio signal 1s
for playback 1n a reproduction environment using a reproduc-
tion apparatus.

Particular embodiments include a system for providing
predefined DEQ spectral profiles for use by client processing
systems. The system includes one or more processors, a stor-
age subsystem, and a network interface coupled to a network,
such that the system can communicate with one or more audio
signal processing apparatuses that are coupled to the network.
The storage system stores a set of predefined dynamic equal-
ization (DEQ)) spectral profiles. The one or more processors
are arranged 1n operation to send directly, or indirectly via a
different processing system, one or more of the set of stored
predefined DEQ spectral profiles to at least one audio signal
processing apparatus coupled to the network. A particular
audio signal processing apparatus, as a result of receiving a
selected predefined DEQ spectral profile, 1s able to process an
accepted audio signal according to the selected predefined
DEQ spectral profile to generate a processed audio signal.
The processing including determining a spectral measure that
1s modified to dynamically adjust the time-varying spectral
profile of the audio signal to more closely match a time
invariant spectral profile according to the selected predefined
DEQ spectral profile. The processed audio signal 1s for play-
back 1n a reproduction environment using a reproduction
apparatus.

In some versions of the apparatus, the methods, or the
system described 1n the above paragraphs of this Overview
section, the processing includes perceptual domain dynamic
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equalization to dynamically adjust the time-varying per-
ceived spectrum of the audio signal to more closely match the
time invariant spectral profile according to the selected pre-
defined DEQ) spectral profile. In other versions, the process-
ing 1includes approximately perceptual domain dynamic
equalization to dynamically adjust the time-varying per-
ceived spectrum of the audio signal to more closely match the
time invariant spectral profile according to the selected pre-
defined DEQ spectral profile.

In each of the above methods, systems, or apparatuses of
this Overview section, the selected predefined DEQ spectral
profile includes one or more of:

A device-specific DEQ spectral profile to equalize for one
or more characteristics of the reproduction apparatus, or
one or more characteristics of the reproduction environ-
ment, or characteristics of both the reproduction envi-
ronment and the reproduction apparatus.

A content-specific DEQ spectral profile to equalize accord-
ing to the content or type of content represented by the
audio signal.

An equalization-type specific DEQ spectral profile to
equalize according to a type of equalization effect.

Particular embodiments include a computer-readable stor-
age medium configured with instructions that when executed
by one or more processors of a processing system, cause
carrying out the one or more steps recited in any method
described 1n this Summary section.

One embodiment comprises a processing system imncluding,
one or more processors and a storage subsystem. The storage
subsystem 1s configured with 1nstructions that when executed
by one or more of the processors, cause carrying out the one
or more steps described 1n any method summarized in the
above paragraphs of this Overview section.

Particular embodiments may provide all, some, or none of
these aspects, features, or advantages. Particular embodi-
ments may provide one or more other aspects, features, or
advantages, one or more of which may be readily apparent to
a person skilled 1n the art from the figures, descriptions, and
claims herein.

Dynamic Equalization (DEQ)

With traditional static equalization, a filter 1s applied to the
audio signal 1n order to change 1ts spectrum. Different types
of such equalization filters are known that have different
behavior 1n regards to the frequencies that they attenuate or
boost. A peak equalizer raises or lowers arange of frequencies
around a central point 1n a bell shape. A parametric equalizer
1s a peaking equalizer with such parameters the gain, band-
width, and center frequency. A pass {ilter equalizer attenuates
either high or low frequencies while allowing other frequen-
cies to pass unfiltered. Such filters include a low pass filter, a
high pass filter, and a band pass filter, which combines the
properties of a high pass and low pass filter. Shelving-type
equalizers increase or attenuate the level of a wide range of
frequencies by a fixed amount. A low shell will affect low
frequencies up to a certain point and then above that point will
have little effect. A high shelf affects the level of high fre-
quencies, while below a certain point, the low frequencies are
unaffected. It 1s common to combine all types of filters. A
graphic equalizer, which includes controllers such as a bank
of sliders or other controllers for boosting and cutting differ-
ent bands (frequency ranges) ol an audio signal. Spectral
matching equalization 1s known i1n which 1t 1s desired to
match the frequency response of a target audio signal to that
ol a reference audio signal. An audio engineer listens to the
reference audio and manually creates an equalization setting,
that will make the target sound like the reference. Such
manual spectral matching equalization can be very time con-
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suming and often still yield unsatisfactory results, e.g.,
because of the time varying nature of the target.

Such traditional equalization processing does not take mnto
account the spectrum of the audio signal being processed and
may therefore be inappropriate for some signals. As one
example, audio signals that already contain a relatively large
amount of bass or treble may become unacceptable to a lis-
tener following additional frequency boosting.

Dynamic equalization (DEQ) includes measuring the time-
varying spectrum of an input signal and dynamically modi-
tying the signal 1n order to transform the measured spectrum
to more closely match a desired static shape. If the spectrum
of the audio signal 1s already close to that of the desired shape,
then little modification 1s made to the audio signal. If the
spectrum 1s significantly different from the desired shape,
then the resulting modifications may be large. These modifi-
cations adapt over time as the spectrum of the processed audio
signal changes relative to the spectrum of the desired shape.
Perceptual Domain Dynamic Equalization (Pdeq) and
Approximate perceptual domain dynamic equalization

A satisiying true dynamic equalization method may be
carried out 1n a perceptual domain to transform the percerved
spectrum of the audio signal from a time-varying perceived
spectrum to be closer to a substantially time-invariant per-
ceived spectrum. This form of equalization matches a desired
target percetved spectrum while preserving the perceived
dynamic range. This takes ito account the dynamic range
and percerved loudness of the audio signal. The process 1s
called Perceptual Domain Dynamic EQ or PDEQ herein, and
refers to an audio signal equalization method that includes
intentional transformation of an audio signal’s time-varying
spectrum to match more closely a target time-1nvariant spec-
trum while still preserving the original dynamic range of the

audio signal.

Seefeldt recently described PDEQ) 1n International Patent
Application No. PCT/US2005/038579 published as WO
20060477600 titled CALCULATING AND ADIJUSTING
THE PERCEIVED LOUDNESS AND/OR THE PER-
CEIVED SPECTRAL BALANCE OF AN AUDIO SIGNAL
and International Patent Application No. PCT/US2007/
007946 published as WO 2007120453 titled CALCULAT-
ING AND ADJUSTING THE PERCEIVED LOUDNESS
AND/OR THE PERCEIVED SPECTRAL BALANCE OF
AN AUDIO SIGNAL. Each of these applications designates
the United States. The contents of each of such patent appli-
cations published as WO 2006047600 and WO 2007120453
are incorporated herein by reference. See also Alan Seefeldt:
“Loudness Domain Signal Processing,” paper 7180, Proceed-
ings, 123rd Convention of the Audio engineering Society,

New York, N.Y., USA, 3-8 Oct. 2007. US20080286799
20081001; US20070666252 20070425; WO2005US38579
20051025; WO2007US07946 20070330; US20040622458P
20041026; US20040638607P 20041221; US20060789539P
20060404

The above-mentioned Seefeldt publications describes
audio signal quality enhancement signal processing methods
that occur 1n what 1s called the perceptual domain. PDEQ
processing methods 1nclude determining modification
parameters from calculations carried out 1mn a perceptual
domain, and modifying audio signal data according to the
modification parameters. By determining the modification
parameters in the perceptual domain, greater control over
perceptual loudness and perceived spectral balance may be
achieved than 11 such modification parameters were derived 1n
the electrical signal domain. In some embodiments, a basilar-
membrane simulating psychoacoustic filterbank or its
equivalent 1s used for performing loudness domain calcula-
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tions. This can provide a more detailed control of the per-
ceived spectrum than in arrangements that derive modifica-
tion parameters 1n the electrical signal domain.

Processing 1n a Perceptual Domain

Often, an audio signal 1s expected to be reproduced at a
specified reference level. However, many times, the media
data 1s played back at reduced levels. It 1s known that there 1s
variation 1n the perception of audio depending on the repro-
duction level. Such variation 1s related to psychoacoustics and
the equal loudness contours and the threshold of hearing in
quiet environments. Altered playback levels can result 1n
dramatic differences in timbre and spatial perception of the
audio when compared to the same media data played back at
reference level. The perceptual domain dynamic equalization
as described 1n embodiments of the present invention
includes determining and adjusting the perceived loudness of
an audio signal in an improved manner. A psychoacoustic
model 1s used to calculate a measure of the loudness of an
audio signal 1n perceptual units. Such perceptual domain
loudness measure 1s referred to as specific loudness, and 1s a
measure of perceptual loudness as a function of frequency
and time. As one example, a dynamic equalization process
includes determiming parameters in a perceptual domain,
such determining includes using a signal processing method
to compute frequency and time-varying multiplicative gains,
which, when applied to the audio, results in the spectral
properties of the gain-modified audio being closer to or equal
to a user-defined equalization or spectral balance profile. The
gain adjusting methods also 1include signal processing meth-
ods that analyze and modify the audio depending on playback
level restoring 1t to the way 1t would be perceived at the
reference playback level having the or user defined equaliza-
tion.

Because specific loudness 1s a measure of perceptual loud-
ness of an audio signal as a function of frequency and time, in
order to process a signal so that 1ts spectral properties become
closer to a substantially time invariant shape, the spectrum of
the to-be-modified audio signal 1s generated by smoothing the
specific loudness of the signal over time.

To reduce the difference between the specific loudness of
the audio signal and the target specific loudness, the modify-
ing typically modifies the audio signal as a function of both
time and frequency. In the case of a time- and frequency-
varying scale factor, the specific loudness may be scaled by
the ratio of a measure of a desired spectral shape to the
measure of a spectral shape ofthe audio signal. Such a scaling
may be used to transform the percerved spectrum of the audio
signal from a time-varying perceived spectrum to be closer to
a substantially time-invariant perceived spectrum. When the
specific loudness 1s scaled by the ratio of a measure of a
desired spectral shape to the measure of a spectral shape of the
audio signal, such a scaling may be usable as a perceptual
domain dynamic equalizer.

One version of PDEQ includes processing each of a plu-
rality of frequency bands by time varving gain factors that are
determined from characteristics 1n the perceptual loudness
domain. As discussed m WO 2006047600 and WO
2007120453, and for aspects of the present invention, a time
sampled audio signal denoted x[n], where n 1s an integer
sample 1ndex 1s pre-processed to generate a time-varying
spectrum denoted by a function L[b,t], indicating a signal
level denoted L within a plurality of frequency bands (critical
bands), e.g., 40 bands, each denoted by a band number
denoted by integer b varying over time blocks each time block
denoted by an integer t. The function L[b,t] of the audio signal
may be generated in a number of ways, but advantageously
the bands b are spaced to simulate the frequency resolution of
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human hearing. The goal of PDEQ processing 1s to modily
Xx[n] so that the modified audio more closely matches a
desired time-1nvariant perceptual domain spectral shape that
1s specified across bands b by a quantity denoted EQ[b].

In the perceptual domain, starting with the audio signal
samples x[n], a quantity called an excitation signal denoted
E[b,t] 1s computed that approximates the distribution of
energy along the basilar membrane of the mner ear of a
human at a critical frequency band b during a time block t.
While other transforms, such as the modified discrete cosine
transform (MDCT) also may be used, the perceptual domain
excitation may be achieved elliciently by computing the run-
ning Short-Time Discrete Fourier Transtorm (STDFT) of the
audio signal denoted x[n], n=0, ..., N-1, the STDFT denoted
by X[k,t], k=0, 1, ... N-1, and 1s computed with half overlap
and window denoted w[n| according to:

(1)

Nl .2k
X[k, 1] = Z wlnlx[n +IN /2]e N

n=>0

with j* = —1.

The excitation 1n some embodiments 1s computed accord-
ing to:

N —

ElD, 1] = Z | TTR]I*ICo [KTIZ1X [k, 217

k=0

|

(2)

where T[k] represents the frequency response of a filter stmu-
lating the transmission of audio through the outer and 1nner
car of a human, and C, [k] are a selected set of bandpass filters.
In one embodiment, the set of bandpass frequency responses
C,|k] be advantageously chosen to mimic the critical band

filtering observed along the basilar membrane 1n the human
ear at critical frequency b. As discussed in WO 2006047600

and WO 2007120433, these filters exhibit an approximately
rounded exponential shape and are spaced umiformly on the
Equivalent Rectangular Bandwidth (ERB) scale. Example
embodiments of the present invention use a set of filters with
a spacing of 1 ERB, resulting 1n a total of 40 bands. FIG. 1
depicts a suitable set of filters with a spacing of 1 ERB,
resulting in a total of 40 bands.

The specific loudness denoted N[b,t] 1s a spectral represen-
tation meant to simulate the manner 1n which a human per-
ceives audio as a function of frequency and time. As described
in WO 2006047600 and WO 2007120453, the specific loud-
ness in general as a transformation denoted by W{ }, such that

Nﬁ,U:T{Eﬁ,U}

PDEQ Processing

A PDEQ process computes a measured spectrum in the
perceptual domain and modifies the signal such that a desired
shape spectral denoted by Eq[b] 1s achieved. A multi-band
perceptual-domain loudness 1s denoted by L |b,t], and 1s a
function of the input audio signals specific loudness N[b.t].
While one simple embodiment sets L [b,t] to be the specific
loudness N[b,t], in some embodiments, 1n order to avoid
instability of the processing over time segments t, the specific
loudness N[b,t] 1s first smoothed over time, €.g., uses a single

smoothing coeltlicient A to provide the smoothed specific
loudness denoted N[b,t] as:

(3)

N/b,t]=AN[b,i~1]+(1-MN/b,1]. (4)
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Note that, as described in WO 2006047600 and WO
2007120453, alternate embodiments might include smooth-
ing the excitation rather than the specific loudness, in which
case, the smoother excitation denoted E[b,t] is given by:

E/b,t]=ME[b,i-11+(1-MNE/b,1]. (5)

Eqn. 3 for the specific loudness becomes:

N[b,t)]=W{E[b,1]} (6)

Other embodiments can use different smoothing methods,
for example, including a recursive relation mvolving more
than just the most previous time’s smoothed specific loudness
N[b,t—1] in the case of smoothing the specific loudness, or
previous time’s smoothed excitation E[b,t—1] in the case of
smoothing the excitation. Furthermore, the multi-band loud-
ness (the spectrum), L [b,t] may be calculated by smoothing
the specific loudness N[b t] across bands so that there 1s not a
drastic change from one band to the next. In the case of using
the smoothed specific loudness, the result 1s a band-smoothed
loudness denoted L, [b,t] with a smoothing filter is applied:

and

Lp[b.1]= ) Qb-c)N[c, 1] (7)

where Q(b) 1s a band smoothing filter.

To preserve the original dynamic range of the audio signal,
he desired spectral shape EQ[b] may be normalized to have
he same overall level as the smoothed signal loudness
enoted L [b,t] to generate a normalized spectral shape

enoted EQaor1db,t] as:

(8)

f’ZI,p[c, 1’

EQ[b].

EQnoru|0s 1] =

The processing 1s to modify the specific loudness N[b,t] to
achieve a target specific loudness denoted N ,__[b,t] such that

the resulting spectral shape 1s closer to the desired shape
EQ[b]. Again, letting the function W{+} denote the non-linear
transformation from excitation to specific loudness, 1.¢., N[b,
t]=W{E[b,t]}, where the excitation may be the smoothed
excitation, one embodiment determines a set of time varying
multi-band gains G | b,t] forming a time varying filter accord-
ing to the relationship.

Nesl0.1]=Y{G > [bt]E[b,1]},

where
tion.

The gains G, [b,t] are applied in the frequency domain to a
delayed version of X[k,t] that 1s obtained by the STDFT (or

MDCT), where the delay 1s to account for the time needed to
compute the gains. The resulting gain multiplied signal:

‘)27/7{:' U:Gp/k UX/?(, I_d]

where d denotes the delay time, 1s then applied to a set of
synthesis filters, denoted S,[k]| for frequency band b to gen-
erate a signal denoted X[k.t] where

(9)

E[b.t] 1s 1n one embodiment the smoothed excita-

Rk, 1] = ZGp[kj 115, [k]1X [k, 1 — d] (10)

b

Solving for the gains can take on many forms. Ifthe inverse
P-'fel of the transformation W{} exists, then
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(11)

Y-HN es |0,
G,[b, 1] =\/ {E[j:», E] ]}

where the excitation may be the smoothed excitation. If a
closed form of W' {*} does not exist, then the gains may be
solved for by an iterative method, or by pre-computing W{}
and using table look-up.

As described 1n WO 2006047600 and WO 20071204353,
for perceptual domain dynamic equalization, the target spe-
cific loudness 1s related to the specific loudness by:

EQnori 16 1] (12)

b
L,[b, 1] N1, 1]

L,[b, 1] ]lﬁ

Ndfs[ba i‘flk] — [EQN(}RM [b, I]

where [3 1s a user-specified parameter ranging from zero to
one, indicating the degree of PDEQ processing that 1s to be
applied to the audio signal. Note that

o EQnoru [0, 1] (1)

W{G*[b, 1] Eb, 1]} L,[b, 1]
oD,

WIE[D, 1]}

(Pl
EQnoru 10, 1]

from which the gains G [b,t] may be determined.

From Eqn. 12, one notes that when p=0, N, [b,t]=N[b.t]
for all bands b and theretfore the original signal 1s unmodaified.
When [3=1, the scaling of the desired to actual specific loud-
ness 1s equal to the ratio of the normalized desired specific
loudness shape to the smoothed signal specific loudness spec-
trum, thereby transforming the smoothed spectral shape of
the original audio signal completely to that of the desired

shape EQJ[b], expressed 1n the perceptual domain. In such a
case,

EQnoru [0 1]

G2 b b, 1]} =
{G,[b, f]E[D, 1]} - oib 1]

WIELD, 1]}

trom which the gains G [b,t] may be determined.
Approximately Perceptual Domain Dynamic Equalization

While some embodiments of the invention are for percep-
tual domain dynamic equalization (PDEQ), as described
above, aspects of the mnvention are applicable also to what we
call approximate perceptual dynamic equalization, or simply
dynamic equalization (DEQ) herein, 1n which a spectral loud-
ness measure denoted L[b,t] as a function of frequency band
and time 1s an approximation to the specific loudness L [ b,t].

For this approximation, the measure of loudness, also
called the signal spectrum, 1s taken to be

b

(14)

LD, 1] |Co (K11 X [k, 117,

o=
1
=

where again C,[k] are a selected set of bandpass filters that
in one embodiment, are chosen to mimic the critical band
filtering observed along the basilar membrane 1n the human
ear at critical frequency b, and where X[k,t], k=0, 1, ... N-1,
are a set of STDFT (or MDCT) coeftficients determined with
an overlap window, as 1s known to those skilled 1n the art.
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Comparing Eqn. 14 to Eqns. 2 and 3, the loudness measure
L[b,t] 1s an approximation of the excitation E[b,t], the
approximation being that the filter T[k] representing the fre-
quency response of a filter sitmulating the transmission of
audio through the outer and 1nner ear of a human has constant
magnitude for all k. Furthermore, the loudness spectral mea-
sure L[b,t] can be considered an approximation to the specific
loudness with the function W{e} being the identity function
such that W{L[b,t]}=L[b,t]. Hence performing DEQ with
such a loudness measure can be considered approximately
perceptual DEQ).

For approximately perceptual DEQ), a set of time varying,
multi-band gains G[b,t] forming a time varying filter accord-
ing to the relationship 1s applied according to the relationship:

Lb,tj=G*[bt]L[b]. (15)

1s applied to the original signal spectrum L[b.t], resulting in
a transtormed spectral loudness measure denoted [[b.t]
whose spectral shape 1s closer to the desired shape denoted, as
before, by EQ[b]. Eqn. 15 1s analogous to Egn. 9, the latter
being for PDEQ.

In some embodiments, for DEQ), the filter gains G[b.t] are
computed by comparing the spectral shape of the original
signal L[b,t] to the desired shape EQ[b]. To prevent the filter
G[b,t] from varying too fast over time and causing artifacts in
the processed audio, the signal spectrum, 1.¢., the approxi-
mate loudness measure L[b,t] may first be smoothed across
time 1n each band b using a smoothing coefficient denoted A:

L/b,t]=0L[b,i-11+(1-ML[b,1]. (16)

‘erent smoothing methods

In alternate embodiments, di
may be used.

As 1n the case, of PDEQ, for DEQ), to preserve the original
dynamic range of the audio signal, the desired spectral shape
EQ[b] may be normalized to have the same overall level as the
smoothed signal spectrum L[b,t]:

(17)

f’Zz[a /]

2 EQ|c]

\ /

EQnoru 0, 1] = EQ[D]

The filter G*[b.t] is computed from the ratio of the normal-
1zed spectral shape EQa5z14b.t] and the smoothed signal
spectrum L[b,t]:

(18)

L.[b, 1] ]1’8 EQ vory [0 1]
Lb1]

G*[b, :[
o1 EQnoru 1, 1]

where [3 1s a user-specified parameter ranging from zero to
one, indicating the degree of DEQ processing that i1s to be
applied to the audio. Analyzing Eqn. 18, one notes that when
3=0, the filter G[b.t] equals one for all bands b and therefore
the original signal 1s unmodified. When [3=1, the filter 1s equal
to the ratio of the normalized desired shape to the smoothed
signal spectrum, thereby transforming the smoothed spectral
shape of the original audio completely to that of the desired
shape EQ[b].
An Audio Signal Processing Apparatus and Method

An apparatus that processes audio signals, such as a media
device, 1s called an audio signal processing apparatus herein.
Some embodiments of the invention are 1n the form of an
audio signal processing apparatus that i1s stand-alone or part
of a network such as a home entertainment network or other
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local network. In some embodiments, the audio signal pro-
cessing apparatus or the home network of which the audio
signal processing apparatus 1s part in some embodiments 1s 1n
communication with a serving processing system—a
server—via a network, which typically but not necessarily 1s
the Internet. The processing system in such a server network
coniiguration 1s a client to the server.

FIGS. 2A and 2B each shows a simplified block diagram of
an embodiment 1n the form of a processing system apparatus
203 for selecting and using a predefined DEQ spectral profile
in order to process an audio signal. The processing system

apparatus 203 1s for processing audio 201 to generate audio
output 225 that has been modified by DEQ or PDEQ as
specified 1n accordance to one or more features of the present
invention. The apparatus, for example, can implement PDEQ
processing such as described by Eqns. 1 to 13, or DEQ pro-
cessing such as described by Eqns. 14 to 18. FIG. 2A shows
the processing system apparatus 203 as part of an audio
processing and playback system 231 that includes the audio
processing system 203 that accepts an audio signal 201 and
generates a processed audio signal 225. The audio processing
and playback system 231 also includes an audio renderer and
amplifier 235 that 1s configured to accept the processed audio
signal 225 and render and amplity the signal, e.g., to produce
at least two loudspeaker signals for playback through audio
loudspeakers 1n a playback environment 241, e.g., a room, a
car, etc., that has some playback environment characteristics.
Two loudspeaker signals are shown with two loudspeakers
243 and 245 1n the playback environment 241 as would be the
case for sterco listening. In general, any number of loud-
speaker signals and loudspeaker are possible. As one
example, headphones include two loudspeakers, one next to
cach ear of a listener. As another example, surround sound
includes four or five or more loudspeakers.

Such an apparatus may be included, for example, in a
media device for playback of audio media. The audio input
201 and the audio output 225 are assumed to be 1n the form of
sampled data. In the case of analog input, a digitizer including
an analog to digital converter and quantizer would be present.
For audio playback, a de-quantizer and a digital-to-analog
converter would be present. Such and other elements that
might be included 1n a complete audio processing system,
¢.g., media device are left out, and how to include such ele-
ments would be clear to one skilled 1n the art.

The audio renderer, amplifier and loudspeakers are com-
ponents of the playback reproduction apparatus used in the
playback environment 241.

In some embodiments, the audio playback and processing,
system 231 includes a network interface 233, and 1s coupled
to a network.

FIG. 2B shows one embodiment of the audio processing
system 203 1n processing and playback apparatus 231. The
processing system 203 includes at least one processing unit
(processors) 205, which can be the processing units of a
digital signal processing device, or a CPU of a more general
purpose processing device. The one or more processors 205
are conflgured 1n operation to process the audio signal 201
according to a selected predefined dynamic equalization
(DEQ) spectral profile to generate the processed audio signal
225 using DEQ or PDEQ. The processing 1s as described
above, and includes determining a spectral measure that 1s
modified to dynamically adjust the time-varying spectral pro-
file of the audio signal 201 to more closely match a time
invariant spectral profile according to the selected predefined
DEQ spectral profile. The processed audio signal 225 being
for playback 1n a reproduction environment, e.g., environ-
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ment 241 using a reproduction apparatus, e.g., the reproduc-
tion apparatus 235, 243, and 24S5.

The selected predefined DEQ spectral profile includes one
Or more of:

A device-specific DEQ spectral profile to equalize for one
or more characteristics of the reproduction apparatus, or
one or more characteristics of the reproduction environ-
ment, or characteristics of both the reproduction envi-
ronment and the reproduction apparatus,

A content-specific DEQ) spectral profile to equalize accord-
ing to the content or type of content represented by the
audio signal, and

An equalization-type specific DEQ spectral profile to
equalize according to a type of equalization effect.

These predefined DEQ spectral profiles are described in
more detail later 1n the description.

The processing system 203 includes a storage subsystem
207 coupled to the one or more processors 205. The storage
subsystem 207 includes memory and may include one or
more other storage elements. The storage subsystem 207 1s
configured with mstructions 211, e.g., stores instructions 211
that when executed cause carrying of a method of operating,
the audio signal processing apparatus 203 to process the
audio signal 201 to produce the processed audio signal 225.

The elements of the processing system 203 are coupled,
e.g., by a bus subsystem or some other interconnection
mechanism not shown 1n FIG. 2B. Some of the elements of
processing system 203 may be integrated 1into a single circuait,
using techniques commonly known to those skilled 1n the art.

As described further in this description, 1n some embodi-
ments, the loudspeakers and/or other components of the
reproduction apparatus include identifying information,
shown 1n loudspeakers 243 and 245 as identifying informa-
tion 247 and 249, respectively. In some embodiments of the
invention, the audio signal processing system 203 1s config-
ured, e.g., by including instructions as part of the instructions
211, to obtain such identilying information, and use the 1den-
tlfylng information to automatically select a device-specific
DEQ spectral profile based on the identifying information.

FIG. 3 shows a simplified tlow chart of an embodiment of
a method of operating an audio signal processing apparatus
such as processing and playback apparatus 231 to process an
audio signal such as signal 201. The method includes 1n 303
accepting an audio signal, and 1n 305 processing the audio
signal using the audio signal processing apparatus according
to a selected predefined DEQ spectral profile to generate a
processed audio signal. The processing including determin-
ing a spectral measure that 1s modified to dynamically adjust
the time-varying spectral profile of the audio signal to more
closely match a time invariant spectral profile according to the
selected predefined DEQ spectral profile. The result 1s a pro-
cessed audio signal for playback 1n a reproduction environ-
ment using a reproduction apparatus. As above, the selected
predefined DEQ spectral profile includes one or more of a
device-specific DEQ spectral profile, a content-specific DEQ)
spectral profile, and/an equalization-type specific DEQ spec-
tral profile. These predefined DEQ spectral profiles are
described 1n more detail later 1n the description.

In some embodiments, the processing according to the
selected predefined DEQ spectral profile includes perceptual
domain dynamic equalization, e.g., as described by Eqns. 1 to
13 to dynamically adjust the time-varying percerved spec-
trum of the audio signal to more closely match the time
invariant spectral profile according to the selected predefined
DEQ spectral profile.

In some other embodiments, the processing according to
the selected predefined DEQ spectral profile includes
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approximate perpetual domain dynamic equalization, e.g., as
described by Eqns. 14 to 18 herein above to dynamically
adjust the time-varying perceived spectrum of the audio sig-
nal to more closely match the time invariant spectral profile
according to the selected predefined DEQ spectral profile.

In some embodiments, the method 1ncludes playing back
the processed audio signal 1n the reproduction environment
using the reproduction apparatus.

In some embodiments, the method includes 1n 301 select-

ing the selected predefined DEQ profile.

Referring back to FIG. 2B, in some embodiments, the
storage subsystem 207 1s configured with a set of one or more
predefined DEQ profiles with respective target spectral char-
acteristics. The selected predefined DEQ profile 1s one of the
stored set of predefined DEQ profiles. In some embodiments,
the one or more processors 205 are configured, e.g., by
including instructions i 211 to automatically select the
selected predefined DEQ spectral profile according to one or
more characteristics of the reproduction apparatus. The
selecting of the method 1n such embodiments includes auto-
matically selecting the selected predefined DEQ) spectral pro-
file according to one or more characteristics of the reproduc-
tion apparatus.

Some embodiments of the processing system 203 and the
apparatus 231 include a control mtertace 219 configured to
accept user mput of a selected one of the stored set of pre-
defined DEQ spectral profiles. One such control interface
includes a user interface display 213 and a user input mecha-
nism 217. The term *“control interface” 1s used herein for
describing the combination of the visual or tactile presenta-
tion to a user of one or more control elements configured to
accept a user mput via one or more mput mechanisms 217.
The control elements thus can be manipulated via respective
input mechamsms. The term “input mechanism™ of course
should not be taken to only suggest only physical mechanical
control, but also to include any agency or means by which
input 1s provided by a user. Thus, the control element may
include “virtual” controls such as virtual knobs, sliders, touch
pads, and so forth, that include a display and some manner of
accepting user input (the input mechanism) to manipulate the
virtual control(s). Thus, 1n some embodiments, the control
interface includes a user interface of one or more control
clements displayed on a display device (the user interface
display 215), and a user input method or device or subsystem
for accepting user input of one or more of the displayed
control elements. In other embodiments, the control interface
includes physical control elements that can be manipulated
by the user to provide the user mput, e.g., one or more knobs,
one or more slide controls, and/or one or more two dimen-
s1onal controls such as a touch pad configured to accept a user
indication of a location on the touch pad.

In such an embodiment that includes the control interface
219, the selecting includes accepting user mput from the
control interface 219 included in the audio signal processing
apparatus 231. In some embodiments, the method includes
presenting the control interface 219 to the user. Such control
interface 219 includes one or more control elements.

A Pdeq Processing Example

While some embodiments of an audio signal processing
apparatus 1include one or more processors and a storage sub-
system that has instructions stored there as shown 1n FIG. 2B,
other arrangements also are possible within the scope of the
invention. FIG. 4A shows a simplified block diagram of a
teed-forward embodiment of a PDEQ apparatus in which
pre-processing separates an mput audio signal into frequency
bands. Some embodiments imnclude a control interface with
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one or more control elements configured to accept a user input
for specilying the equalization, as described 1n more detail
herein.

In practical embodiments, the processing of the audio 1s
carried out 1n the digital domain, so that sampling and digi-
tizing of analog signals 1s carried out. Such details are left out
of this description, and would be clear to those skilled 1n the
art. At least some of the elements of the block diagram of FIG.
4 A may be implemented by a processing system that includes
at least one processor, such as shown 1n FIG. 2B. The appa-
ratus of FIG. 4A also may be implemented with some of the
blocks having dedicated hardware elements.

An apparatus such as shown in FIG. 4A may be included,
for example, 1n a media device or some other audio device for
playing back audio.

The arrangement shown 1n FIG. 4A 1s used to carry out
PDEQ as described above, e¢.g., in Eqns. 1 through 13, with
the addition of a control interface including a control interface
with one or more control elements configured to accept a user
input for specitying the equalization.

The audio 201 first passes through an analysis filterbank
function or device 403, which splits the audio signal into a
plurality of frequency bands denoted by frequency index b.
Thick lines 1n FIG. 4A indicate multiple signals, so that there
are multiple outputs, each a frequency band b from analysis
filterbank 403. Each of these frequency bands undergoes the
processing steps shown 1n FIG. 4A, up to a synthesis filter-
bank 423, which sums the bands to a combined wideband
signal to generate the processed audio signal 225.

The response of the filter associated with each frequency
band in the analysis filterbank 403 1s designed to simulate the
response at a particular location of the basilar membrane in
the 1nner ear of a human. In some embodiments, analysis
filterbank 403 includes a set of linear filters whose bandwidth
and spacing are constant on the equivalent rectangular band-
width (ERB) frequency scale. See FI1G. 1.

Analysis filterbank 403 may be implemented efficiently
through use of the forward and/or inverse short-time discrete
Fourier transform (short-time DFT, STDFT) or the forward
and/or 1nverse modified discrete cosine transform (modified
DCT, MDCT). The forward and/or inverse STDFT or MDCT
may be used similarly to implement synthesis filterbank 423.

The output of each filter in the analysis filterbank 403 next
passes mnto a transmission filter function or device 405 that 1s
designed to simulate the filtering effect of the transmission of
audio through the outer and middle ear of a human.

In order to compute the loudness of the input audio signal,
ameasure of the audio signals’ short-time energy 1n each filter
of the analysis filterbank 403 after application of the trans-
mission {ilter 405 1s obtained. This time and frequency vary-
ing measure 1s referred to as the excitation, denoted E[b.t],
where b denotes the frequency band, and t 1s an 1ndex denot-
ing blocks of time. To obtain the excitation, the outputs of
transmission filter 405 are accepted by an excitation function
or device 407, the outputs of which are designed to simulate
the distribution of energy along the basilar membrane of a
human ear. Depending on the desired eflects, the excitation
energy values may be smoothed across time by a smoothing
function or device 409 that are configured to have time con-
stants set 1n accordance with the requirements of the desired
elfects of the processing. The output of excitation function
407 1s a frequency domain representation of energy denoted E
in respective ERB bands denoted b per time denoted t.

A specific loudness function or device 411 converts the
smoothed excitation signals 1nto specific loudness (SL). Spe-
cific loudness may be represented, e€.g., 1n units of sone per
unit frequency, e.g., sone per ERB. Note that from the specific
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loudness, the overall or total loudness 1s the sum of the spe-
cific loudness across all bands b. Designing the specific loud-
ness function 411 includes determining gains for narrowband
and wideband estimated values chosen to match experimental
data on the growth of loudness for tones and noise. Further-
more, the specific loudness function 411 1s designed such that
the specific loudness 1s some small value instead of zero when
the excitation 1s at the threshold of hearing, and such that the
specific loudness decreases monotonically to zero as the exci-
tation decreases to zero.

The specific loudness components associated with the fre-
quency bands are passed into a dynamic equalization specific
loudness modification function or device 413 that generates a
target specific loudness. In the case of perceptual domain
dynamic equalization (PDEQ), a target specific loudness may
be calculated using a relationship that takes into account the
current spectrum of the audio, 1n particular, the spectrum of
the signal 1s measured and the signal 1s then dynamically
modified in order to transform the measured spectrum 1nto an
essentially static desired shape, specified across bands b and
referred to as EQ[b]. The spectral shape of the audio signal 1s
denoted by L[b,t], and 1n one embodiment, 1s determined as a
smoothing of the specific loudness, denoted N[b,t] across
time. One may not want the PDEQ modification to vary
drastically from one band to the next, and therefore a band-
smoothing function may be applied to generate a band-
smoothed spectrum. In order to preserve the original dynamic
range of the audio, the desired spectrum EQ[b] may be nor-
malized to have the same overall loudness as the measured
spectral shape given by L[b,t].

In embodiments described herein a target EQ specification
function or device 417 1s used to provide a control interface to
a user 1n order for the user to specily one or more parameters
for the dynamic equalization using one or more respective
control elements. In particular, the target EQ specification
function or device 417 in some embodiments includes a
device for selecting a predefined DEQ) spectral profile. Such
selecting may be automatic, or may be manual via a control
interface as described 1n more details elsewhere herein. The
predefined DEQ spectral profile may also be served over a
network by a server processing system, as described else-
where herein. The EQ specifier 417 1in some embodiments
may 1include a capture function by which the specific loudness
of some audio that has desired properties 1s captured, e.g.,
from the specific loudness block 411 while the input 201 1s
audio with desired characteristics. This provides the desired
characteristics EQ[b], which may be stored. In the case there
1s one EQ[b], the user specified parameter 1s denoted {3 as 1n
Egn. 12 and i1s a parameter that varies from O to 1 that
expresses the amount of PDEQ) that 1s to be applied, with a
value 0 indicating no PDEQ).

Taking as 1ts mputs the smoothed excitation frequency
band components from smoother 409 and the target specific
loudness from the SL modification 413, a gain solver function
or device 415 1s configured to determine the gains that needs
to be applied to each band b 1n order to transform the deter-
mined specific loudness N[b,t] into the target specific loud-
ness N, [b,t]. The gains determined are in general 1ire-
quency- and time-varying gains, which, when applied to the
original excitation, result in a specific loudness that, ideally, 1s
equal to the desired target specific loudness, and 1n practice
results 1n moditying the audio signal 1 order to reduce the
difference between 1ts specific loudness and the target spe-
cific loudness. The gain solver 415 may be implemented 1n
various ways. If a closed form calculations is possible, 1t 1s
applied. If a table lookup 1s possible, such a method also may
be used. In one embodiment, the gain solver may include an
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iterative process in which, for each iteration, a specific loud-
ness 1s evaluated using a current estimate of the gains. Other
methods for computing the modification parameters through
either explicit or implicit computation of the specific loud-
ness and target specific loudness may be devised, and this
ivention 1s intended to cover all such methods.

The gains per band generated by the gain solver 415 may be
smoothed further over time by optional smoothing function or
device 419 1n order to minimize perceptual artifacts. It may
alternately be advantageous that temporal smoothing be
applied elsewhere 1n the overall process or device.

Finally, the gains determined by gain solver 415 are
applied to respective bands through a respective multiplica-
tive combining function or combiner 421 that applies the
gains to the outputs from the analysis filterbank delayed by a
suitable delay function or device 404 configured to compen-
sate for any latency associated with the gain computation.

The processed audio 225 i1s synthesized from the gain-

modified bands 1n a synthesis filterbank function or device
423. As described above, analysis filterbank 403 may be
implemented etficiently through use of the short-time DFT or
the modified DCT, and the STDFT or MDCT may be used
similarly to implement synthesis filterbank 423. The synthe-
s1s filters for the bands are determined from the filters used 1n
analysis filterbank 403 and the delay of delay 404.

Note that alternatively, instead of calculating gains for use
in applying gain modifications in frequency bands, the gain
solver 415 may calculate filter coelficients that control a
time-varying filter, such as a multi-tapped FIR filter or a
multi-pole IIR filter. For stmplicity 1n exposition, aspects of
the mvention are mainly described as employing gain factors
applied to frequency bands, 1t being understood that filter
coellicients and time-varying filters may also be used in prac-
tical embodiments.

An Apparatus Carrying out Approximate Perceptual Deq

FIG. 4B shows a simplified block diagram of a feed-for-
ward embodiment of a DEQ apparatus 1n which pre-process-
ing separates an input audio signal into frequency bands. The
arrangement shown 1n FIG. 4B 1s used to carry out DEQ as
described above, e.g., in Eqns. 14 through 18. Some embodi-
ments mclude a control mterface with one or more control
clements configured to accept a user input for specitying the
equalization, as described 1n more detail herein.

In practical embodiments, the processing of the audio 1s
carried out 1n the digital domain, so that sampling and digi-
tizing of analog signals 1s carried out. Such details are lett out
of this description, and would be clear to those skilled 1n the
art. At least some of the elements of the block diagram of FIG.
4B may be implemented by a processing system that includes
at least one processor, such as shown 1n FIG. 2B. The appa-
ratus of FIG. 4B also may be implemented with some of the
blocks having dedicated hardware elements.

As 1n the case of FIG. 4A, the apparatus of F1G. 4B may be
included, for example, 1n a media device or some other audio
device for playing back audio.

The input audio 201 first passes through an analysis filter-
bank function or device 403, which splits the audio signal into
a plurality of frequency bands denoted by frequency imndex b.
Thick lines 1n FIG. 4B indicate multiple signals, so that there
are multiple outputs, each a frequency band b from analysis
filterbank 403. Each of these frequency bands undergoes the
processing steps shown in FIG. 4B, up to a synthesis filter-
bank 423, which sums the bands to a combined wideband
signal to generate the processed audio signal 245. Analysis
filterbank 403 and synthesis filterbank 423 1n FI1G. 4B can be
substantially as 1n FIG. 4A.
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The output of each filter in the analysis filterbank 403 1s
used to determine in spectral measure determiner 431 the
spectral measure of loudness, denoted L[ b,t], where b denotes
the frequency band, and t 1s an index denoting blocks of time.
The spectral measure determiner 431 1s 1n one embodiment
substantially the same as element 407 of FIG. 4A. Depending
on the desired effects, the spectral measure L[b,t] energy
values may be smoothed across time by a smoothing function
or device 433 that 1s configured to have time constants set 1n
accordance with the requirements of the desired effects of the
processing.

The smoother loudness measure from smoothing device
433 and an essentially static desired spectral shape, specified
across bands b and referred to as EQ[b] and used to generate
a set of gains by a gain solver 437 as described in above 1n
Eqgns. 17 and 18.

In embodiments described herein a target EQ specification
function or device 435 1s used to provide a control interface to
a user 1n order for the user to specily one or more parameters
for the dynamic equalization using one or more respective
control elements. In particular, the target EQ specification
function or device 435 in some embodiments includes a
device for selecting a predefined DEQ) spectral profile. Such
selecting may be automatic, or may be manual via a control
interface as described 1n more details elsewhere herein. The
predefined DEQ spectral profile may also be served over a
network by a server processing system, as described else-
where herein. The EQ specifier 435 1n some embodiments
may include a capture function by which the spectral content
L. of some audio that has desired properties 1s captured, e.g.,
from the spectral measure block 431 or smoothing block 433
while the input 201 1s audio with desired characteristics. This
provides the desired characteristics EQ[b], which may be
stored. In the case there 1s one EQ[b], the user specified
parameter 1s denoted 3 as 1n Eqn. 18 and 1s a parameter that
varies from 0 to 1 that expresses the amount of DEQ) that 1s to
be applied, with a value 0 indicating no DEQ.

The gains determined are in general frequency-varying and
time-varying gains, which, when applied to the spectral mea-
sure, result 1n a spectral measure that, 1deally, 1s equal to the
desired target spectral measure EQ[b], and 1n practice results
in modifying the audio signal 1n order to reduce the difference
between the spectral measure of the signal and the target
spectral measure EQ[b]. The gain solver 437 may be imple-
mented 1n various ways.

The gains per band generated by the gain solver 437 may be
smoothed turther over time by optional smoothing function or
device 439 1n order to minimize perceptual artifacts. It may
alternately be advantageous that temporal smoothing be
applied elsewhere 1n the overall process or device.

Finally, the gains determined by gain solver 437 are
applied to respective bands through a respective multiplica-
tive combining function or combiner 421 that applies the
gains to the outputs from the analysis filterbank delayed by a
suitable delay tunction or device 404 configured to compen-
sate for any latency associated with the gain computation.

The processed audio 245 1s synthesized from the gain-
modified bands 1n a synthesis filterbank function or device
423. The synthesis filters for the bands are determined from
the filters used 1n analysis filterbank 403 and the delay time of
delay 404, and otherwise are as described with reference to
FIG. 4A.

Note that alternatively, instead of calculating gains for use
in applying gain modifications in frequency bands, the gain
solver 437 may calculate filter coeflicients that control a
time-varying filter, such as a multi-tapped FIR filter or a
multi-pole IIR filter. For simplicity 1in exposition, aspects of
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the invention are mainly described as employing gain factors
applied to frequency bands, 1t being understood that filter
coellicients and time-varying filters may also be used in prac-
tical embodiments.

A Client Server System, with a Server for Predefined Deq
Profiles

Some embodiments mclude a server that distributes pre-
defined profiles for use by audio signal processing appara-
tuses for different applications and situations. FIG. 5 shows
an example network 501, which 1n some embodiments, 1s the
Internet, and 1n other embodiments, 1s a different network. A
profile server 511 and one client audio/video recerver are
shown coupled to the network. In general, there would be
several client devices that at one time or another are coupled
to the server via the network 501 in order to obtain one or
more predefined profiles from the profile server 511. One
embodiment of the client audio/video receiver 521 includes a
network interface 233, an audio signal processing system
523, a control interface 529, and an audio renderer and ampli-
fier subsystem 233 for playback of audio content. The client
audio/video recerver 1s coupled to one or more loudspeakers.
In this example embodiment, two loudspeakers 243 and 2435
are shown and are placed 1n a listening environment 241, as 1in
FIG. 2A.

The audio processing system 323 1s substantially the same
as that shown in FIGS. 2A and 2B, except that in the embodi-
ment of FIG. 5, an included control interface 529 1s not part of
the audio processing system 523, but 1s coupled thereto. Some
clements of the audio signal processing system thus are
shown with reference numerals that are not the same as that of
FIG. 2B.

The profile server 511 includes a server processing system
513 and 1s coupled to the network via a network interface 512
such that the server processing system 513 can communicate
in operation with one or more audio signal processing appa-
ratuses that are coupled to the network 501, e.g., the client
audio/video receiver 521. The server processing system 513
includes one or more processors 514 and a storage subsystem
that typically includes memory and one or more other storage
clements such as hard disks and/or optical storage devices.
The storage subsystem includes instructions 517 that when
executed carry out a DEQ spectral profile serving process
described 1n more detail herein below.

Note that while the storage subsystem 1s shown in the
server processing system 313, by the server processing sys-
tem “includes™ a storage subsystem also covers the case that
some of the storage of the storage subsystem 513 1s coupled to
the processors 514 via a network, e.g., the network 501 or
some other network. Such network storage arrangements are
common, and the term “the processing system includes a
storage subsystem” 1s meant to include such cases of all or
some of the storage being coupled via a network.

The storage subsystem stores a set of predefined dynamic
equalization (DEQ) spectral profiles 519.

The one or more processors are arranged 1n operation to
send one or more of the set of stored predefined DEQ) spectral
profiles 519 to at least one signal processing apparatus
coupled to the network, e.g., system 523 1n device 521 such
that a particular signal processing apparatus, €.g., system 523
as a result of receiving a selected predefined DEQ spectral
profile, 1s able to process an accepted audio signal according,
to the selected predefined DEQ) spectral profile to generate a
processed audio signal for playback. The sending to at least
one signal processing apparatus 1s either directly via the net-
work or indirectly via a different processing system. In one
version, as described below, the server processing system 513
1s used to create predefined DEQ spectral profiles, and to send
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the spectral profiles to a different processing system. Such
other different processing system sends one or more particu-
lar predefined DEQ) profiles to at least one audio signal pro-
cessing system.

The processing by the audio signal processing system 523
includes determining a spectral measure that 1s modified to
dynamically adjust the time-varying spectral profile of the
audio signal to more closely match a time nvariant spectral
profile according to the selected predefined DEQ spectral
profile. The processed audio signal 1s for playback in a repro-
duction environment using a reproduction apparatus. In the
example shown, the processed audio signal 1s for playback via
the audio renderer and amplifier 235 via loudspeakers 243
and 245 1n the playback environment 241.

In one embodiment, the stored predefined DEQ) spectral
profiles include one or more of the following types of DEQ
spectral profiles.

A device-specific DEQ spectral profile to equalize for one
or more characteristics of a reproduction apparatus, or
one or more characteristics of a reproduction environ-
ment 1n which the reproduction apparatus, or character-
istics ol both the reproduction environment and the
reproduction apparatus.

A content-specific DEQ spectral profile to equalize accord-
ing to the content or type of content represented by the
audio signal to be processed.

An equalization-type specific DEQ spectral profile to
equalize according to a type of equalization effect.

One aspect of the invention 1s a method of operating pro-
cessing system such as the server processing system 513 of
the profile server 511 for providing predefined DEQ spectral
profiles for use by client processing systems such as system
523. The method 1ncludes storing a set of predefined DEQ
spectral profiles 1n the storage subsystem 515 that is part of or
coupled to the server processing system 313. The method
turther icludes distributing one or more of the stored pre-
defined DEQ spectral profiles 519 to one or more signal
processing apparatuses coupled to the network 501, e.g., the
audio signal processing system 523 in client audio/video
receiver 521 such a particular signal processing apparatus
coupled to the network, as a result of receiving a selected
predefined DEQ spectral profile, can process an accepted
audio signal according to the selected predefined DEQ spec-
tral profile to generate a processed audio signal. The process-
ing 1s as described above, e.g., includes determining a spectral
measure that 1s modified to dynamically adjust the time-
varying spectral profile of the audio signal to more closely
match a time invariant spectral profile according to the
selected predefined DEQ spectral profile, the processed audio
signal being for playback in a reproduction environment
using a reproduction apparatus.

In some embodiments, the storage subsystem 1s configured
with 1nstructions 517, e.g., stores instructions 317 that when
executed by one or more of the processor 514 causes carrying
out of the method.

In one embodiment, the one or more processors are con-
figured, 1n operation, e.g., by istructions being included 1n
instructions 517 that when executed cause the server process-
ing system to receive a request from the particular signal
processing apparatus, €.g., audio signal processing system
523 coupled to the network 501 for the selected predefined
DEQ spectral profile. In response to the request, the one or
more processors are configured, 1n operation, e.g., by mstruc-
tions being included 1n nstructions 517 that when executed
cause the server processing system to send to the particular
signal processing apparatus, e.g., to system 323 the selected
predefined DEQ spectral profile, such that the signal process-
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ing apparatus, as a result of receiving the selected predefined
DEQ spectral profile, processes the accepted audio signal
according to the selected predefined DEQ spectral profile to
generate the processed audio signal.

In some embodiments, the request 1s an indirect request
provided by a network entity other than the requesting par-
ticular signal processing apparatus, such that the selected
predefined DEQ spectral profile 1s provided to the requesting,
particular signal processing apparatus indirectly via the net-
work entity.

Thus, 1n some embodiments, the method of operating the
server processing system includes receiving a request from
the particular signal processing apparatus coupled to the net-
work for the selected predefined DEQ spectral profile, and
sending to the particular signal processing apparatus, in
response to the request, the selected predefined DEQ spectral
profile. The signal processing apparatus, as a result of rece1v-
ing the selected predefined DEQ spectral profile, processes
the accepted audio signal according to the selected predefined
DEQ spectral profile to generate the processed audio signal.

As for the audio signal processing apparatus, e€.g., the client
audio/video recerver 521 that includes audio processing sys-
tem 523, the method of operating the apparatus includes
sending a request to the server processing system in profile
server 511 for a particular predefined DEQ spectral profile,
and receiving the requested particular predefined DEQ spec-
tral profile to be used as the selected predefined DEQ profile
for processing an audio signal.

The one or more processors of the audio signal processing,
apparatus, e.g., the at least one processor 205 of client audio/
video recerver 521 for some embodiments that include the
network interface 233 are 1n operation to retrieve at least a
particular predefined DEQ spectral profile from the server
processing system 513 coupled to the network 501, e¢.g., the
processing system 1n profile server 511 that imncludes or 1s
coupled to the server storage subsystem 513 1n which a server
set of predefined DEQ spectral profiles 519 is stored. The
retrieving includes sending a request to the server processing,
system 313 for the particular predefined DEQ spectral profile;
and receiving the requested particular predefined DEQ spec-
tral profile from the profile server 511.

One implementation of the method of operating the audio
processing system 523 of the client audio/video receiver 521
1s carried out by including instructions in the instructions 5235
of the storage subsystem 207 that when executed cause the
method steps described above of sending a request to the
profile server 511 and recerving 1n response the requested
particular predefined spectral profile to use as the selected
DEQ spectral profile for processing.

Predefined Deq Spectral Profiles

The Applicant recognizes that there 1s value in using and
distributing predefined DEQ spectral profiles that include at
least one of a device-specific DEQ spectral profile, a content-
specific DEQ spectral profile, and an equalization-type spe-
cific DEQ) spectral profile.

Examples of such profiles and uses thereof are now dis-
cussed 1n more detail.

Device-specific and Environment-specific Deq Spectral Pro-
files

A device specific DEQ) spectral profile 1s usable to equalize
for one or more characteristics of a reproduction apparatus. A
device specific DEQ spectral profile in addition, or instead 1s
usable to equalize for one or more characteristics of a repro-
duction environment in which the reproduction apparatus 1s
in operation.

A manufacturer of a particular device, e.g., of an amplifier,
or of loud speakers, for example can create or have created a
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predefined DEQ spectral profile, or a set of such predefined
DEQ spectral profiles for distribution so that an input signal
can be dynamically compensated for the particular character-
istics of the particular device. A third party also can create a
service of producing predefined DEQ spectral profiles for
particular devices that are commercially available. In some
embodiments, the manufacturer of the device pre-loads into
the device a device-specific predefined DEQ spectral profile.
In other embodiments, in the case of the audio signal process-
ing apparatus being connected to a profile server, the signal
processing apparatus requests and obtains from the profile
server, a particular device-specific predefined DEQ) spectral
profile to take into account the characteristics of the prepro-
duction apparatus being used.

There 1s also benefit in producing and distributing different
predefined DEQ spectral profiles aimed at different classifi-
cations of reproduction apparatuses. Thus, a predefined DEQ
spectral profile includes a device-specific DEQ spectral pro-
file that takes into account a classification of the reproduction
apparatus being used. In this manner a small number of pre-
defined profiles can be used for a relatively large number of
devices that fall into one or another classification. As an
example, 1n one version, the reproduction apparatus classifi-
cation 1s one of a set of reproduction apparatus classifications
includes at least one of an amplifier type and a loudspeaker
type. As an example of loudspeaker types, the reproduction
apparatus classification includes one or more ot a small head-
phone reproduction apparatus, a small loudspeaker reproduc-
tion apparatus, and a full bass response speaker reproduction
apparatus. A listener can set the type of apparatus and select,
or in the case of being connected to a server, request and
obtain from the profile server, a particular device-type pre-
defined DEQ spectral profile to take into account the type of
loudspeakers being used.

It 1s known that the spectral characteristics of some com-
ponents change over time. For example, the material from
which loudspeaker cones are made changes over time, so that
the spectral characteristics of a loudspeaker changes over
time. In some embodiments, the selected predefined DEQ
spectral profile to use for processing 1includes a device-spe-
cific predefined DEQ) spectral profile that takes into account
the age of one or more components of the reproduction appa-
ratus. A third party or a loudspeaker manufacturer can publish
age-dependent predefined DEQ spectral profiles for specific
loudspeakers, or for types of loudspeakers.

Modern equipment often includes mechanisms for auto-
matic 1dentification of the equipment. Such automatic i1den-
tification typically includes information stored in the equip-
ment. As a simmple and non-limiting example, the
loudspeakers 243 and 245 of FIG. 2A and FIG. 5 are shown to
include identitying information 247 and 249, respectively.
The coupling between the loudspeakers and the playback
audio renderer and amplifier 1s bidirectional to provide for the
audio signal processing system to retrieve the identifying
information. The identifying information 1s suflicient to iden-
tify one or more characteristics of the loudspeaker. Such
identifving information 1s usable to select or retrieve from the
profile server the particular predefined DEQ spectral profile
to use with the loudspeaker. In some embodiments, the 1den-
tifying mformation includes a date of manufacture so that
age-specilic predefined DEQ profiles can be used. Other com-
ponents of a reproduction system similarly can include such
identifying information.

In some embodiments that include automatically selecting
the predefined DEQ spectral profile according to one or more
characteristics of the reproduction apparatus, the identifying
information 1s used for the automatic selecting. In some ver-
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s10ns, the automatic selecting 1s from a set of predefined DEQ)
spectral profiles stored in the audio signal processing appa-
ratus, while in others, in the case the audio signal processing,
apparatus 1s 1n communication with a profile server via a
network, the automatic selecting includes requesting the
desired profile from the profile server.

In some embodiments, the selected predefined DEQ spec-
tral profile includes an environment-specific DEQ spectral
profile that takes into account the reproduction environment.
The characteristics of the reproduction environment can be
measured and a profile created. However, 1n many situations,
a predefined spectral profile provided by the device manutac-
turer, or by a third party can be used. Such an environment-
specific DEQ spectral profile takes into account the type of
reproduction environment. As an example, the type of repro-
duction environment 1s one of a set of reproduction environ-
ments that includes a small room, a large room, and an auto-
mobile. Therefore, a user when listening 1n an automobile can
select a predefined environment-specific DEQ spectral pro-
file for an automobile.

It should be clear that one also can combine one or more
predefined device specific DEQ spectral profiles with a pre-
defined environment-specific DEQ spectral profile.
Equalization-type Specific Deq Spectral Profile

In some embodiments, the predefined DEQ spectral profile
selected for use 1 dynamic equalization includes a pre-
defined DEQ spectral profile that 1s specific to an equaliza-
tion-type. Many types of equalizations are known. Examples
of equalization types include boost treble equalization, boost
bass equalization, and flatten equalization. One embodiment
provides a control interface that accepts a selection of one of
a set of predefined DEQ spectral profile that includes boost
treble equalization, boost bass equalization, and flatten equal-
1zation. Of course fewer or more choices may be provided 1n
different embodiments.

Content-specific DEQ Spectral Profiles

In some embodiment, the predefined DEQ) spectral profile
used on an audio signal includes a predefined content-specific
DEQ spectral profile to equalize according to the content or
type ol content represented by the audio signal to be pro-
cessed.

As an example of predefined content-specific DEQ spec-
tral profile, 1t 1s generally accepted that different types of
music can be equalized using a DEQ spectral profile that 1s
specific to the music, or at least to the type of music. For
example, a listener of heavy metal rock n roll likely would
prefer equalization that 1s different than a listener of classical
chamber music, or of a Jazz vocal ballad. Sound content can
be categorized 1n many ways 1nto types of sound.

In some embodiments, the content-specific DEQ spectral
profile 1s one of a set of content-type specific predefined DEQ)
spectral profiles.

The mventors envisage combining a set of one or more
content-specific DEQ) spectral profiles with the content itself,
so that a listener may select from a set of content-specific
DEQ spectral profiles when listening to the content.

Other embodiments include using a predefined DEQ) spec-
tral profile that 1s specific to the actual content. Consider the
tollowing example. There are sound engineers that are rela-
tively famous. They are called “celebrity sound engineers”™
herein. A listener of a particular item of content, e.g., a par-
ticular piece of music, may like to listen to that music as
equalized by any one of a set of such celebrity sound engi-
neers. In some embodiments of the invention, the selecting 1s
according to the content being played back, and according to
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a selection of a content-specific DEQ spectral profile from a
set of content-specific DEQ spectral profiles that match the
content being played back.

While one model for distributing such celebrity sound
engineer profiles 1s by including the profiles with the content
when the content 1s distributed, 1n other embodiments, the
content includes an identifier of the content suilicient to
retrieve a set of one or more matching content-specific pre-
defined DEQ spectral profiles, e.g., from a profile server such
as profile server 511. In another, a content i1dentification
method 1s used to 1dentity the content, e.g., using a signature
obtained of the content, and automatically obtain a match
from a content matching service, e.g., from a profile server
such as server 511. Many such content matching services are
known that use a small portion of content and determine a
signature that can be used to search an extensive database of
music and other content.

Authentication

The inventors of the present invention recognize that there
1s value 1n a predefined DEQ spectral profile. An entity that
creates such profiles may want to protect the authenticity of
such a profile. This provides, for example, confidence to a
listener that the selected predefined DEQ spectral profile 1s
what 1t claims to be, that 1s, that 1t 1s authentic.

Many methods are known for ensuring the authenticity of
digital data. For example, public key cryptographic methods
are known for signing data so that a consumer, using a public
key can check authenticity of data by checking of the public
key decrypts data that was encrypted by the corresponding
private key.

FIG. 6 shows 1n the form of a simple block diagram one
example of the contents of a predefined DEQ) spectral profile
600. In such an embodiment, the predefined DEQ spectral
profile 600 includes a set of numbers that define the profile’s
spectral data 603, 1dentity data 603 that identifies the manu-
facturer or creator of the predefined DEQ) spectral profile 600,
and authentication information 607 comprising the result of
applying the private key of a private/public cryptographic key
pair to a function of the profile data 603. Diflerent embodi-
ments use different functions of the profile data. Some
embodiments of the invention use a cryptographic hash tunc-
tion. As would be known to those skilled 1n the art, a crypto-
graphic hash function 1s a deterministic procedure that takes
an arbitrary amount of data and returns a fixed-size bit string,
called the (cryptographic) hash value, such that an accidental
or intentional change to the data will change the hash value.
The data to be encoded 1s often called the “message”, and the
hash value 1s sometimes called the message digest or simply
digest. In the case of the present invention, the message 1s the
set of spectral values that form the DEQ spectral profile.
There are many cryptographic hash functions known, and the
invention 1s not limited to the type of hash function used.

The main desirable properties of a hash function as used
herein include 1t being relatively easy to compute, given a
hash tunction value, it 1s infeasible to find the data a message
that has the given hash, it 1s infeasible to change the content of
the message (the spectral values) without changing 1ts hash,
and 1t 1s infeasible to find two different messages having the
same hash. For a list of commonly used hash functions, see
the Wikipedia article “Cryptographic hash function,”
retrieved on 7 Jul. 2009 from en*dot*wikipedia*dot™org/
wiki/Cryptographic hash function, where *dot™* denotes the
period “”” 1n the actual URL.

One embodiment of the invention uses the common MD3
hash function. Another uses the common SHA-1 hash func-
tion.
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Thus the authenticity data 1n a profile 1s the result of
encrypting a hash function of the spectral data for the profile.
The encrypting uses the private key corresponding to the
profile creator.

Note that 1n one embodiment, the spectral data of the
profile 1s provided 1n unencrypted form so that 1t 1s possible to
use the spectral data of the profile without checking authen-
ticity. In some embodiments, therefore, an audio signal pro-
cessing apparatus has a choice of whether or not to determine
authenticity. In another embodiment, an audio signal process-
ing apparatus in operation determines authenticity before
using the spectral data of the profile.

Thus, 1n some method embodiments, predefined spectral
profiles include authentication information and spectral data,
and the method of operating the audio signal processing sys-
tem 523 includes ascertaining whether a particular predefined
DEQ spectral profile 1s usable as the selected predefined DEQ
profile by comparing the authentication information to a
function of the spectral data.

Also, 1n some apparatus embodiments, predefined spectral
profiles include authentication information and spectral data,
and the processors 203 of the audio signal processing system
523 are configured 1n operation to ascertaining whether a
particular predefined DEQ spectral profile 1s usable as the
selected predefined DEQ profile by comparing the authenti-
cation information to a function of the spectral data.

In more detail, to determine authenticity, one embodiment
of the audio signal processing apparatus, 1n operation:

determines the unique function of the spectral data 603 in

the predefined profile;

obtains the public key of the key pair corresponding to the

manufacturer or creator of the profile using the identity
information 605;
decrypts the encrypted information 607; and
compares the determined hash function with the decrypted
version of the authentication information 607.
An Authentication Server

Some embodiments include carrying out authentication 1n
a processing system other than the audio signal processing
system such as system 523. As shown in FIG. 5, in some
embodiments, the profile server includes, or 1s coupled to an
authentication processing system. In the version shown in
FIG. S, the profile server 511 1s coupled via network 501 to an
authentication server 531. The authentication server 531
includes one or more processors 534, and includes or is
coupled to an authentication storage subsystem 335 1n which
a set of authentication parameters 539 1s stored. Each pre-
defined spectral profile includes authentication information
607 and also 1dentification information. A signal processing
apparatus such as apparatus 321 1s able to request the server
processing system to authenticate a particular predefined
DEQ spectral profile, or in an alternate embodiment, request
information from the server processing system, and the server
processing system can, by connecting to the authentication
processing system ascertain the authenticity of a particular
predefined DEQ spectral profile.

Thus, 1n one method embodiment of operating an audio
signal processing apparatus such as apparatus 531, the
method includes sending a request to an authentication pro-
cessing system coupled to or part of the profile server pro-
cessing system to authenticate a particular predefined DEQ
spectral profile; and receiving an authenticity parameter from
the authentication processing system indicative of the state of
authenticity of the profile, and ascertaining whether the par-
ticular predefined DEQ spectral profile 1s usable as the
selected predefined DEQ profile according to the received
authenticity parameter.
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Thus, one embodiment of the server processing system 513
1s configured in operation to send a request to an authentica-
tion processing system 533 coupled to the network 501, the
request being to authenticate a particular predefined DEQ)
spectral profile. Again, the authenticating processing system
533 including or coupled to an authentication storage sub-
system 535 1n which a set of authentication parameters 539 1s
stored. The one or more processors 514 are further configured
in operation to recerve an authenticity parameter from the
authentication processing system 533, and to ascertain
whether the particular predefined DEQ spectral profile 1s
usable as the selected predefined DEQ profile according to
the received authenticity parameter.

The authentication server 1 separate from the profile server
as shown 1n FIG. 5 includes one or more processors 534, and
instruction 1n the storage subsystem 535 that when executed
cause the authentication server to carry out an authentication
process, €.g., to generate or look for the particular authenti-
cation parameter 539 for a particular spectral profile.
Creating Profiles

Another aspect of the mmvention includes creating pre-
defined DEQ spectral profiles for distribution.

Although any processing system can be used, for purposes
of 1llustration, the profile server processing system 1s
assumed.

Thus, some embodiments include a method operating a
processing system to create one or more predefined DEQ)
spectral profiles.

In some embodiments, the creating includes creating
authenticating information for inclusion 1n each created pre-
defined DEQ spectral profile to enable an authentication
method to authenticate each created predefined DEQ) spectral
profile. In some embodiments, each created predefined DEQ)
spectral profile includes identity data to 1dentity the creator of
the profile. In the case the created profile includes informa-
tion, e.g., the authentication information that 1s encrypted
using the private key of a public/private key pair, the identity
information 605 to enable an authentication method to obtain
the matching public key for each private key used.

In some embodiments, the creating further includes send-
ing authentication information on the created predefined
DEQ spectral profiles to an authentication processing system
that includes or 1s coupled to an authentication storage sub-
system such that the authentication processing system in
operation can store a set of authentication parameters for a set
of one or more authentic predefined DEQ spectral profiles.

In this manner, a manufacturer or profile supplier can cre-
ate and publish predefined DEQ) spectral profiles, €.g., device-
specific and/or device-type specific, and/or reproduction
environment type specific DEQ spectral profiles, and/or con-
tent-specific DEQ spectral profiles, and/or equalization-type
specific DEQ spectral profiles.

The Control Interface

Some embodiments include a control interface for select-
ing the selected predefined DEQ spectral profile to use, and
for how the selected profile 1s used to process an input audio
signal. Related U.S. Provisional Patent Application No.
61/181,206 describes various control interfaces for a signal
processing apparatus that carries out dynamic equalization,
either perceptual domain dynamic equalization (PDEQ), or
the broader not necessarily perceptual domain dynamic
equalization (DEQ) 1n which the time varying spectrum of an
input signal 1s modified to more closely resemble a function
ol a time 1nvariant spectral profile.

One feature of embodiments of the present mmvention
includes a method and apparatus for a user to interact with a
DEQ processing system or device. Such interactions includ-
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ing presenting a control interface to a user, and accepting
settings by the user of control elements 1n the control inter-
face. As an example, the system shown 1n FIG. 2B 1ncludes a
control interface 219 that includes a user interface display for
presenting controls, and at least one control element (the user
input mechanism 217) configured to accept a user input.
Alternate embodiments for the control interface can include
traditional components such as knobs, sliders, and so forth.

In some embodiments, the control interface provides a
control for selecting and/or defining the DEQ) spectral profile
to use. The selecting includes accepting from a control inter-
face a user-defined DEQ spectral profile based on a blending
of at least the selected predefined DEQ) spectral profile and
optionally one or more other DEQ spectral profiles, the blend-
ing based on a set of one or more blending parameters. The
control interface provides a mechanism for a user to set the
one or more blending parameters. In the case that there 1s a
single selected predefined DEQ spectral profile, there 1s a
single blending parameter indicative of the amount of DEQ to
apply according to the single DEQ spectral profile. The pro-
cessing of the audio signal 1s according to the user-defined
DEQ spectral profile. Some such embodiments include pre-
senting the control interface to the user. As described 1n more
detail herein below, the control interface includes one or more
control elements configured to accept a user input including
values for at least some of the set of one or more blending,
parameters.

In some embodiments, the control interface further
includes at least one control element for selecting or other-
wise defining the selected predefined DEQ spectral profile
and 11 one or more other DEQ spectral profiles are used the
other one or more other DEQ) spectral profiles.

As one example, described 1n more detail below, the blend-
ing 1s of one or more pairs of selected predefined DEQ spec-
tral profiles. The control interface includes a control element
for setting one or more blending parameters to determine the
respective relative amounts of blending of respective one or
more pairs of the selected predefined DEQ spectral profiles to
torm the user-defined DEQ spectral profile used for the pro-
cessing of the audio signal.

These control interface features are now described in more
details.

In one set of embodiments, the existence of a selected
predefined DEQ preset spectral profile, denoted EQ[b] and a
variable degree of DEQ processing, denoted 3 and being
between 0 (no DEQ processing) and 1 (complete DEQ pro-
cessing), or also expressible as a percentage, provides a
simple parameter that allows a user of a media device such as
implemented 1n FIG. 2B. FIG. 7A shows one embodiment
that includes a slider and FIG. 7B shows an embodiment in
the form of a rotary knob, each for controlling the amount of
DEQ processing according to a predefined DEQ spectral
profile EQ[b]. The slider or knob in some versions 1s an actual
physical slider or rotary knob, and 1n other versions, a virtual
control 1n the form of a display of a knob rendered on a
graphical user iterface display 215 with which a user can
interact. The slider (FIG. 7A) or knob (FIG. 7B) position
selects the amount of DEQ) to apply according to the position
of the DEQ controller. The slider or knob position 1s accepted
and, 1 some embodiments, perceptual DEQ processing 1s
applied to an audio signal according to Eqns. 8, 12, and 13, or
in other embodiments, DEQ processing according to Eqns. 17
and 18. That 1s, for the case of perceptual DEQ, the preset
specific loudness and the gains are determined according to
Eqgns. 8, 12 and 13. The audio 1s processed according to the
determined multi-band gains.
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In some embodiments, the audio processing system
includes the ability to store a plurality of predefined DE(Q)
spectral profiles. Each of these may be recalled by a user.
Thus, 1n some embodiments, the control interface includes at
least one control element for selecting one or more DEQ
preset spectral profiles from a set of DEQ preset spectral
profiles.

Some embodiments include a control interface that 1s
mampulated by a user to select a selected DEQ spectral pro-
file between two predefined DEQ spectral profiles denoted
EQ,[b] and EQ,[b]. In some embodiments, the control inter-
face 1ncludes at least one control element for selecting two
preset spectral profiles, and a control element (a slider or
knob) for setting a parameter called the morphing parameter,
also the blending parameter, 1n order to determine a blending
of the two predefined DEQ spectral profiles for the audio
output. The selecting of the two predefined DEQ spectral
profiles 1s from a set of predefined DEQ) spectral profiles, e.g.,
stored, predefined DEQ spectral profiles that were selected 1n
the factory by the manufacturer, or predefined DEQ spectral
profiles.

FIG. 8A shows a slider, and FIG. 8B shows a knob. The
slider or knob when manipulated sets the morphing param-
eter, denoted o, O=o.<1, such that the EQ[b] applied 1n some
perceptual DEQ processing embodiments according to Eqns.
8, 12, and 13, or 1n other DEQ processing embodiments,
according to Egns. 17 and 18, 1s a linear combination of the
two predefined DEQ spectral profiles determined by the

parameter o.:

EQ[b]=0a-EQ,[b]+(1-a)EQ, [b]. (19)

In one embodiment, the parameter 3 in Eqn. 12 or Eqn. 18
1s set to a fixed value of 1. In an alternate embodiment, an
additional control interface, €.g., an additional slider or knob
1s provided to the user to select the parameter 3.

As shown 1n FIG. 8A, when the slider 1s set to the bottom
position, or a=0 then the audio signal 1s fully processed using
predefined DEQ spectral profile EQ,[b]. As the slider 1s
moved and the value of a increased, the applied predefined
DEQ spectral profile applied 1s a combination of the two
predefined DEQ spectral profiles EQ, [b] and EQ,[b] until the
value of o 1s increased to 1ts full value of 1 when the pre-
defined DEQ) spectral profile applied 1s Tully EQ,[b].
Control Between more than Two Preset Spectral Profiles

In some embodiments, the control mterface for DEQ pro-
cessing 1ncludes the control and application of a selected
DEQ spectral profile formed as a combination of more than
two predefined DEQ spectral profiles. In such usage, a user
selects three or more predefined DEQ) spectral profiles from a
set of predefined DEQ spectral profiles that may be factory
defined. The control interface allows a user to determine a
predefined DEQ spectral profile that morphs between pairs of
the three or more selected predefined DEQ spectral profiles.
The three or more selected predefined DEQ spectral profiles
are spatially distributed on different positions on the control
clements, e.g., slider or knob of the control interface that are
configured to accept user mput via respective mput mecha-
nism(s). F1IG. 9A shows a slider, and FI1G. 9B shows a knob
applicable to the case of applying a morphing of a pair of
predefined DEQ spectral profiles selected from three pre-
defined DEQ spectral profiles denoted EQ,[b], EQ,[b], and
EQ;[b]. The user adjusts the control element, e.g., knob or
slider, to select a blending of a pair of predefined DEQ) spec-
tral profiles according to the preset blending parameter (also
called morphing parameter) denoted ¢, defined in the case of
three selected predefined DEQ spectral profiles such that the
EQ[b] applied 1n some perceptual DEQ processing embodi-
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ments according to Eqns. 8, 12, and 13, or in other DEQ
processing embodiments, according to Eqns. 17 and 18 1s set
equal to:

EQ/b]=20-EQ/b]+(1-20)-EQ, [b] for 0=0=0.5 (20)

and

EQ/b]=2(0~0.5)-EQ[b]+(1-2(a~0.5))-EQ,/b] for

0.5<a=1.0 (21)

where 1n some embodiments, the parameter 3(as used 1n
Eqgn. 12 or Egn. 18) 1s set to a fixed value of 1 for full effect.
In alternate embodiments, the control interface further
includes a control element for controlling the amount of the
overall DEQ processing that 1s applied, e.g., by an additional
control interface, e.g., an additional slider or knob 1s provided
to the user to select the parameter p.
Deq Control Interface using a Two-dimensional Control FEle-
ment

Further embodiments of the invention include a control
interface that includes a two dimensional control element
configured to accept a user indication of a location on an area
defining the two-dimensional control element. Examples of a
control interface with a two dimensional control element
include a touchpad used to control the cursor found on most
computer laptops, a trackball in combination with a displayed
two dimensional surface, and a displayed two dimensional
surface 1n a touch sensitive screen. Such control 1nterfaces
with two dimensional control elements recently also appear
in devices such as cellular telephones and portable media
devices.

FIG. 10 shows one such control interface for selecting a
DEQ spectral profile to apply from a morphing of a pair of any

of the four predefined spectral profiles, denoted EQ, [b], EQ,
[b]: EQB [b]: Ellld EQ4[b]

An Integrated Controller for Dynamic
Selection and Control

The parameter [ and a predefined DEQ spectral profile
EQ[b] (Egn. 12 or Egn. 18, depending on the type of DEQ)
together provide a relatively simple manner that can be used
in a media device to control the perceived spectrum of an
audio signal. Furthermore, one of a plurality of predefined
DEQ spectral profiles can be used, each for example appli-
cable to a different reproduction situation or environment.
One aspect of the present invention 1s a control interface that
provides for a user a mechanism to easily select one of a set of
predefined DEQ spectral profiles EQ[b] and to control the
amount of DEQ being applied by controlling of the parameter
3 (Egn. 12 or Eqn. 18, depending on the type of DEQ). Some
versions include a mechanism to capture and store a desired
spectral profile from an input audio signal. In one embodi-
ment, the predefined DEQ spectral profiles are stored on a
device. In another embodiment, universal resource locators
(URLs) or pointers to the respective predefined DEQ) spectral
profiles are stored 1n the device.

In some embodiments, the control interface includes a
display element for displaying a selection and an integrated
clement that provides for a control element for adjusting, e.g.,
adjusting the amount of DEQ) to apply and a control element
for indicating, e.g., for indicating a choice. As an example, 1n
some embodiments, the control element for adjusting 1s a
rotary control element, and the control element for indicating,
1s by a click control element integrated with the rotary control
clement.

FIGS. 11A and 11B show two alternate embodiments of a
control interface for integrated DEQ) control including select-
ing a predefined DEQ profile and varying the amount of DEQ

Equalization Preset
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applied. FIG. 11 A shows a control interface that includes an
annular rotary controller 1203, which can be an actual physi-
cal controller, or a virtual controller in the form of a display
with which a user can interact. The rotary control 1s used as
the control element for adjusting. The control interface
includes a region 1205 that acts as a push button, also com-
monly called a click button. The click button 1s used as the
control element for indicating. In the particular arrangement
shown, the click button 1205 fills the center void region of the
annular rotary controller 1203. The control interface includes
a display element 1207 configured to display actions being
performed to provides a user visual feedback.

FIG. 11B shows one alternative control interface in which
the rotary controller and selection mechanism are combined
into element 1223: a rotary controller, e.g., a knob with 1nte-
grated click control. A top view and a side view 1s shown 1n
FIG. 11B, as 1s the display element 1207.

In some embodiments, the control interface with the inte-
grated rotary controller and the click button (FIG. 11A or
FIG. 11B) has a plurality of modes, including a selection
mode 1n which the rotary controller 1s used to choose a par-
ticular predefined DEQ spectral profile of a plurality of pre-
defined DEQ spectral profiles, and the click button 1s used to
indicate applying the particular predefined DEQ spectral pro-
file.

As one example, the modes include a control mode 1n
which the rotary controller 1s used to control the amount of
DEQ to apply, and the click button indicating 1s used to
change modes. Furthermore, in some embodiments, the
modes mclude a save mode in which the rotary controller 1s
used to select a storage location to store a particular pre-
defined DEQ) spectral profile as one of the predefined spectral
profiles, and the click button 1s used both to change modes and
to save the particular predefined DEQ spectral profile as one
of the predefined spectral profiles at the selected storage
location.

Unless specifically stated otherwise, as apparent from the
tollowing description, 1t 1s appreciated that throughout the
specification discussions utilizing terms such as “process-
ing,” “computing,” “calculating,” “determinming” or the like,
refer to the action and/or processes of a computer or comput-
ing system, or similar electronic computing device, that
mamipulate and/or transform data represented as physical,
such as electronic, quantities into other data similarly repre-
sented as physical quantities.

In a stmilar manner, the term “processor” may refer to any
device or portion of a device that processes electronic data,
¢.g., Irom registers and/or memory to transform that elec-
tronic data 1into other electronic data that, e.g., may be stored
in registers and/or memory. A “computer” or a “computing
machine” or a “computing platform” may include one or
more processors.

Note that when a method 1s described that includes several
clements, e.g., several steps, no ordering of such elements,
e.g., steps 1s implied, unless specifically stated.

In some embodiments, a computer-readable storage
medium 1s configured with, e.g., encoded with instructions
that when executed by one or more processors of a processing
system such as a digital signal processing device or sub-
system that includes at least one processor element and a
storage subsystem, cause carrying out a method as described
herein.

The methodologies described herein are, in some embodi-
ments, performable by one or more processors that accept
logic, instructions encoded on one or more computer-read-
able media. When executed by one or more of the processors,
the mstructions cause carrying out at least one of the methods
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described herein. Any processor capable of executing a set of
instructions (sequential or otherwise) that specity actions to
be taken are included. Thus, one example 1s a typical process-
ing system that includes one or more processors. Each pro-
cessor may 1nclude one or more of a CPU or similar element,
a graphics processing unit, and/or a programmable DSP unat.
The processing system further may include storage sub-
system that includes a memory subsystem including main
RAM and/or a static RAM, and/or ROM. A bus subsystem
may be included for communicating between the compo-
nents. The processing system further may be a distributed
processing system with processors coupled by a network,
¢.g., via network interface devices or wireless network inter-
face devices. If the processing system requires a display, such
a display may be included, e.g., a liquad crystal display
(LCD), organic light emitting display (OLED), or a cathode
ray tube (CRT) display. If manual data entry 1s required, the
processing system also includes an input device such as one
or more ol an alphanumeric input unit such as a keyboard, a
pointing control device such as a mouse, and so forth. The
term storage device, storage subsystem, or memory unit as
used herein, if clear from the context and unless explicitly
stated otherwise, also encompasses a storage system such as
a disk drive unit. The processing system 1n some configura-
tions may include a sound output device, and a network
interface device. The memory subsystem thus includes a
computer-readable medium that 1s configured with, e.g.,
encoded with mstructions, e.g., logic, e.g., software that when
executed by one or more processors, causes carrying out one
of more of the method steps described herein. The software
may reside 1n the hard disk, or may also reside, completely or
at least partially, within the RAM and/or within the processor
during execution thereof by the computer system. Thus, the
memory and the processor also constitute computer-readable
medium on which are encoded instructions.

Furthermore, a computer-readable medium may form a
computer program product, or be included 1n a computer
program product.

In alternative embodiments, the one or more processors
operate as a standalone device or may be connected, e.g.,
networked to other processor(s), 1n a networked deployment,
the one or more processors may operate in the capacity of a
server or a client machine in server-client network environ-
ment, or as a peer machine 1n a peer-to-peer or distributed
network environment. The term processing system encom-
passes all such possibilities, unless explicitly excluded
herein. The one or more processors may form a personal
computer (PC), a media playback device, a netbook, a tablet
PC, a set-top box (STB), a Personal Digital Assistant (PDA),
a cellular telephone, a Web appliance, a network router,
switch or bridge, or any machine capable of executing a set of
instructions (sequential or otherwise) that specily actions to
be taken by that machine.

Note that while some diagram(s) only show(s) a single
processor and a single storage subsystem, e.g., a single
memory that stores the logic including instructions, those
skilled 1n the art will understand that many of the components
described above are included, but not explicitly shown or
described 1n order not to obscure the mventive aspects. For
example, while only a single machine 1s illustrated, the term
“machine” shall also be taken to include any collection of
machines that individually or jointly execute a set (or multiple
sets) ol instructions to perform any one or more of the meth-
odologies discussed herein.

Thus, one embodiment of each of the methods described
herein 1s 1n the form of a computer-readable medium config-
ured with a set of instructions, e.g., a computer program that
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when executed on one or more processors, €.2., 0One or more
processors that are part of a media device, cause carrying out
of method steps. Thus, as will be appreciated by those skilled
in the art, embodiments of the present invention may be
embodied as amethod, an apparatus such as a special purpose
apparatus, an apparatus such as a data processing system, or
a computer-readable storage medium, e.g., as a computer
program product. The computer-readable medium i1s config-
ured with a set of instructions that when executed by one or
more processors cause carrying out method steps. Accord-
ingly, aspects of the present invention may take the form of a
method, an entirely hardware embodiment, an entirely soft-
ware embodiment or an embodiment combining soitware and
hardware aspects. Furthermore, the present invention may
take the form of computer readable medium, e.g., a computer
program product as a computer-readable storage medium
with computer-readable program code embodied in the
medium.

While the computer readable medium 1s shown in an
example embodiment to be a single medium, the term “com-
puter readable medium™ should be taken to include a single
medium or multiple media, e.g., a centralized storage device
for a centralized database, or distributed storage for a distrib-
uted database, and/or associated caches and servers that store
the one or more sets of mnstructions. The term “computer
readable medium” shall also be taken to include any tangible
storage medium that 1s capable of storing or encoding 1nstruc-
tions for execution by one or more of the processors and that
cause the one or more processors to perform method steps of
any one or more of the methodologies of the present mnven-
tion. A computer readable medium may take many forms,
including but not limited to, non-volatile media and/or vola-
tile media. Non-volatile media includes, for example, optical
storage, magnetic disks, and/or magneto-optical disks. Vola-
tile media mncludes dynamic memory, such as main memory.
For example, the term “computer readable medium” shall
accordingly be taken to be included, but not be limited to, 1n
one set of embodiment, a tangible computer-readable
medium, e.g., a solid-state memory, or a computer software
product encoded 1n computer-readable optical or magnetic
media.

It will be understood that the steps of methods discussed
are performed 1n one embodiment by an appropriate proces-
sor (or processors) of a processing (1.€., computer) system
executing nstructions stored 1n storage. It will also be under-
stood that embodiments of the present invention are not lim-
ited to any particular implementation or programming tech-
nique and that the mnvention may be implemented using any
appropriate techniques for implementing the functionality
described herein. Furthermore, embodiments are not limited
to any particular programming language or operating system.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment of the
present invention. Thus, appearances of the phrases “in one
embodiment” or “in an embodiment” 1n various places
throughout this specification are not necessarily all referring
to the same embodiment, but may. Furthermore, the particular
features, structures or characteristics may be combined 1n any
suitable manner, as would be apparent to one of ordinary skill
in the art from this disclosure, 1nto one or more embodiments.

Similarly 1t should be appreciated that 1n the above descrip-
tion of example embodiments of the invention, various fea-
tures of the mvention are sometimes grouped together 1n a
single embodiment, figure, or description thereot for the pur-
pose of streamlining the disclosure and aiding 1n the under-




US 8,929,567 B2

33

standing of one or more of the various imnventive aspects. This
method of disclosure, however, 1s not to be interpreted as
reflecting an intention that the claimed invention requires
more features than are expressly recited in each claim. Rather,
as the following claims retlect, inventive aspects lie 1n less

than all features of a single foregoing disclosed embodiment.
Thus, the claims {following the DESCRIPTION OF

EXAMPLE EMBODIMENTS are hereby expressly imncorpo-
rated 1nto this DESCRIPTION OF EXAMPLE EMBODI-
MENTS, with each claim standing on its own as a separate
embodiment of this invention.

Furthermore, while some embodiments described herein
include some but not other features included in other embodi-
ments, combinations of features of different embodiments are
meant to be within the scope of the invention, and form
different embodiments, as would be understood by those
skilled 1n the art. For example, 1n the following claims, any of
the claimed embodiments can be used in any combination.

Furthermore, some of the embodiments are described
herein as a method or combination of elements of a method
that can be implemented by a processor of a computer system
or by other means of carrying out the function. Thus, a pro-
cessor with the necessary instructions for carrying out such a
method or element of a method forms a means for carrying,
out the method or element of a method. Furthermore, an
clement described herein of an apparatus embodiment 1s an
example of a means for carrying out the function performed
by the element for the purpose of carrying out the invention.

In the description provided herein, numerous specific
details are set forth. However, it 1s understood that embodi-
ments of the invention may be practiced without these spe-
cific details. In other instances, well-known methods, struc-
tures and techmiques have not been shown 1n detail 1n order
not to obscure an understanding of this description.

As used herein, unless otherwise specified, the use of the
ordinal adjectives “first”, “second”, “third”, etc., to describe a
common object, merely indicate that different instances of
like objects are being referred to, and are not intended to
imply that the objects so described must be mm a given
sequence, either temporally, spatially, 1n ranking, or 1n any
other manner.

All U.S. patents, U.S. patent applications, and Interna-
tional (PCT) patent applications designating the United
States cited herein are hereby incorporated by reference. In
the case the Patent Rules or Statutes do not permit incorpo-
ration by reference of material that itself incorporates infor-
mation by reference, the imcorporation by reference of the
material herein excludes any information incorporated by
reference in such incorporated by reference material, unless
such information 1s explicitly incorporated herein by refer-
ence.

In the claims below and the description herein, any one of
the terms comprising, comprised of or which comprises 1s an
open term that means 1including at least the elements/features
that follow, but not excluding others. Thus, the term compris-
ing, when used 1n the claims, should not be interpreted as
being limitative to the means or elements or steps listed
thereafter. For example, the scope of the expression a device
comprising A and B should not be limited to devices consist-
ing of only elements A and B. Any one of the terms including
or which includes or that includes as used herein 1s also an
open term that also means including at least the elements/
teatures that follow the term, but not excluding others. Thus,
including 1s synonymous with and means comprising.

Similarly, it 1s to be noticed that the term coupled, when
used 1n the claims, should not be interpreted as being limita-
tive to direct connections only. The terms *“coupled” and
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“connected,” along with their dernivatives, may be used. It
should be understood that these terms are not intended as
synonyms for each other. Thus, the scope of the expression a
device A coupled to a device B should not be limited to
devices or systems wherein an output of device A 1s directly
connected to an mput of device B. It means that there exists a
path between an output of A and an 1nput of B which may be
a path including other devices or means. “Coupled” may
mean that two or more elements are either in direct physical or
electrical contact, or that two or more elements are not in
direct contact with each other but yet still co-operate or inter-
act with each other.

Thus, while there has been described what are believed to
be the preferred embodiments of the invention, those skilled
in the art will recognize that other and further modifications
may be made thereto without departing from the spirit of the
ivention, and it 1s mtended to claim all such changes and
modifications as fall within the scope of the invention. For
example, any formulas given above are merely representative
of procedures that may be used. Functionality may be added
or deleted from the block diagrams and operations may be
interchanged among functional blocks. Steps may be added
or deleted to methods described within the scope of the
present invention.

We claim:

1. A method of operating an audio signal processing appa-
ratus to process an audio signal, the method comprising:

accepting an audio signal;

selecting a predefined dynamic equalization (DEQ) spec-

tral profile from a plurality of predefined spectral pro-
files that are locally stored or that have been remotely
stored;

processing the audio signal using the audio signal process-

ing apparatus according to the selected predefined DEQ

spectral profile to generate a processed audio signal, the

processing including determining a spectral measure

that 1s modified, including carrying out perceptual

domain dynamic equalization, to dynamically adjust the

time-varying spectral profile of the audio signal to more

closely match a time 1nvariant spectral profile according,

to the selected predefined DEQ spectral profile, the pro-

cessed audio signal being for playback in a reproduction

environment using a reproduction apparatus,

wherein the plurality of predefined DEQ spectral profile
includes:

at least one device-specific DEQ spectral profile to
equalize for one or more characteristics of the repro-
duction apparatus, or one or more characteristics of
the reproduction environment, or characteristics of
both the reproduction environment and the reproduc-
tion apparatus, and/or

at least one content-specific DEQ spectral profile to
equalize according to the content or type of content
represented by the audio signal, and/or

at least one equalization-type specific DEQ spectral pro-
file to equalize according to a type of equalization
eifect wherein the equalizing according to the type of
equalization effect 1s boost treble equalization, boost
bass equalization, or flatten equalization.

2. A method as recited 1n claim 1, wherein the selected
predefined DEQ spectral profile includes a device-specific
DEQ spectral profile that takes into account the age of one or
more components of the reproduction apparatus.

3. A method as recited 1n claim 1, wherein the plurality of
predefined DEQ spectral profile includes at least one device-
classification-specific DEQ, and wherein the selected pre-
defined DEQ spectral profile includes a device- classifica-
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tion-specific DEQ spectral profile that takes into account a
classification of the reproduction apparatus into one of a
plurality of device classifications.
4. A method as recited 1n claim 3, wherein the reproduction
apparatus classification 1s one of a set of reproduction appa-
ratus classifications that includes at least one of an amplifier
type, a loudspeaker type, a small headphone reproduction
apparatus, a small loudspeaker reproduction apparatus, and a
tull bass response speaker reproduction apparatus.
5. A method as recited in claim 1, wherein the plurality of
predefined DEQ spectral profile includes at least one envi-
ronment-type-specific DEQ, and wherein the selected pre-
defined DEQ) spectral profile includes an environment-type-
specific DEQ spectral profile that takes into account a type of
reproduction environment.
6. A method as recited 1n claim 1, wherein the selected
predefined DEQ spectral profile includes an equalization-
type-specific DEQ spectral profile to equalize according to a
type of equalization effect, and wherein the equalizing
according to the type of equalization effect 1s boost treble
equalization, boost bass equalization, or tlatten equalization.
7. A method as recited 1n claim 1, wherein the selecting
includes automatically selecting, the automatically selecting
including at least one of:
automatically selecting according to one or more charac-
teristics of the reproduction apparatus, and

automatically selecting a content-specific DEQ spectral
profile to equalize according to the content or type of
content represented by the audio signal, the automatic
selecting being according to the content or type of con-
tent represented by the audio signal.

8. A method as recited 1n claim 1, wherein the selecting
includes accepting user mput from a control interface
included in the audio signal processing apparatus.

9. A method as recited 1n claim 1, wherein the selecting
includes accepting from a control interface a user-defined
DEQ spectral profile based on a blending of at least the
selected predefined DEQ spectral profile and one or more
other DEQ spectral profiles, the blending based on a set of one
or more blending parameters, wherein the control interface
provides a mechanism for a user to set the one or more
blending parameters, wherein the processing of the audio
signal 1s according to the user-defined DEQ spectral profile.

10. A method as recited 1n claim 9, further comprising:

presenting the control interface to the user, the control

interface including one or more control elements con-
figured to accept a user input including values for at least
some of the set of one or more blending parameters.

11. A method as recited 1n claim 9, wherein the control
interface further includes at least one control element for
selecting or otherwise defining the selected predefined DEQ)
spectral profile and 11 one or more other DEQ) spectral profiles
are used, for selecting or otherwise defining the other one or
more other DEQ spectral profiles.

12. A method as recited 1n claim 9, wherein the blending 1s
of one or more pairs of selected predefined DEQ) spectral
profiles, and wherein the control interface includes a control
clement for setting one or more blending parameters to deter-
mine the respective relative amounts of blending of respective
one or more pairs ol the selected predefined DEQ spectral
profiles to form the user-defined DEQ spectral profile used for
the processing of the audio signal.

13. A method as recited in claim 1, wherein the audio signal
processing apparatus 1s coupled to a network to which a
serving processing system 1s coupled, serving processing sys-
tem including or coupled to a storage subsystem 1n which a set
of predefined DEQ spectral profiles 1s stored, wherein the
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plurality of predefined spectral profiles are stored 1n the stor-
age subsystem of the serving processing system, the method
further comprising:

sending a request to the serving processing system for a
particular predefined DEQ spectral profile; and

recerving the requested particular predefined DEQ spectral
profile to be used as the selected predefined DEQ spec-
tral profile.

14. A method as recited in claim 13, wherein the particular
predefined spectral profile includes authentication informa-
tion and spectral data, the method further, comprising:

ascertaining whether the particular predefined DEQ) spec-
tral profile 1s usable as the selected predefined DEQ
spectral profile by comparing the authentication infor-
mation to a function of the spectral data.

15. A method as recited 1n claim 14, wherein the authenti-
cation information 1s encrypted by an encryption method that
can 1dentity the creator or manufacturer of the profile, and
wherein the ascertaining includes decrypting the authentica-
tion information.

16. A method as recited in claim 1, wherein the audio signal
processing apparatus 1s coupled to a network to which an
authentication processing system 1s coupled, the authenticat-
ing processing system including or coupled to a storage sub-
system 1n which a set of authentication parameters 1s stored,
the method further comprising:

sending a request to the authentication processing system
to authenticate a particular predefined DEQ) spectral pro-
file; and

receving an authenticity parameter from the authentica-
tion processing system, and

ascertaining whether the particular predefined DEQ) spec-
tral profile 1s usable as the selected predefined DEQ
spectral profile according to the recerved authenticity
parameter.

17. A method as recited in claim 1, further comprising
playing back the processed audio signal in the reproduction
environment using the reproduction apparatus.

18. A system for providing predefined DEQ spectral pro-
files for use by client processing systems, the system com-
prising;:

OnNe Or MOre Processors;

one of more non-transitory computer readable media form-
ing a storage subsystem;

a network interface coupled to a network, such that the
system can communicate with one or more audio signal
processing apparatuses that are coupled to the network;

wherein the storage system stores a set of predefined
dynamic equalization (DEQ)) spectral profiles,

wherein the one or more processors are operative to send
directly, or indirectly via a different processing system,
one or more of the set of stored predefined DEQ spectral
profiles to at least one audio signal processing apparatus
coupled to the network, such that a particular audio
signal processing apparatus, as a result of recerving a
selected predefined DEQ spectral profile, 1s able to pro-
cess an accepted audio signal according to the selected
predefined DEQ spectral profile to generate a processed
audio signal, the processing including determining a
spectral measure that 1s modified, including carrying out
perceptual domain dynamic equalization, to dynami-
cally adjust the time-varying spectral profile of the audio
signal to more closely match a time nvariant spectral
profile according to the selected predefined DEQ spec-
tral profile, the processed audio signal being for play-
back 1n a reproduction environment using a reproduc-
tion apparatus;
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wherein the set of stored predefined DEQ) spectral profiles

includes:

at least one device-specific DEQ spectral profile to equal-

1ze for one or more characteristics of a reproduction
apparatus, or one or more characteristics of a reproduc-
tion environment 1n which the reproduction apparatus
operated, or characteristics of both the reproduction
environment and the reproduction apparatus,

at least one content-specific DEQ spectral profile to equal-

1ze according to the content or type of content repre-
sented by the audio signal to be processed, and

at least one equalization-type specific DEQ spectral profile

to equalize according to a type of equalization effect
wherein the equalizing according to the type of equal-
1zation eflect 1s boost treble equalization, boost bass
equalization, or flatten equalization.

19. A system as recited in claim 18, wherein the one or
more processors are operative to receive a request from the
particular audio signal processing apparatus coupled to the
network for the selected predefined DEQ) spectral profile, an
in response to the request to send to the particular audio signal
processing apparatus the selected predefined DEQ spectral
profile, such that the audio signal processing apparatus, as a
result of recerving the selected predefined DEQ) spectral pro-
file, processes the accepted audio signal according to the
selected predefined DEQ spectral profile to generate the pro-
cessed audio signal.

20. A system as recited 1n claim 18, wherein the set of
predefined DEQ spectral profiles includes at least one envi-
ronment-specific DEQ spectral profile that takes into account
a type ol reproduction environment.

21. A system as recited i claim 18, wherein the system
comprises or 1s coupled to an authentication processing sys-
tem that includes or i1s coupled to an authentication storage
subsystem 1n which a set of authentication parameters 1s
stored, and wherein each predefined spectral profile includes
authentication information, such that the particular audio sig-
nal processing apparatus i1s able to request the system to
authenticate a particular predefined DEQ spectral profile; and
the system can, by connecting to the authentication process-
ing system ascertain the authenticity of a particular pre-
defined DEQ) spectral profile.

22. An apparatus for selecting and using a predefined DEQ
spectral profile to process an audio signal, the apparatus com-
prising:

ONe Or MOore Processors;

one or more non-transitory computer-readable media

forming a storage subsystem configured with code that
when executed on at least one of the processors, causes
the apparatus to:

process the audio signal according to a selected predefined

dynamic equalization (DEQ) spectral profile to generate
aprocessed audio sigrial, the processing including deter-
mining a spectral measure that 1s modified, mcluding
carrying out perceptual domain dynamic equalization,
to dynamically adjust the time-varying spectral profile
of the audio signal to more closely match a time invariant
spectral profile according to the selected predefined
DEQ spectral profile, the processed audio signal being
for playback 1 a reproduction environment using a
reproduction apparatus;

wherein the selected predefined DEQ spectral profile 1s

selected from a plurality of predefined DEQ spectral
profiles that are locally stored, or that have been
remotely stored, and

wherein the plurality of predefined DEQ spectral profile

includes: at least one device-specific DEQ spectral pro-
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file to equalize for One or more characteristics of the
reproduction apparatus, or one or more characteristics of
the reproduction environment, or characteristics of both
the reproduction environment and the reproduction
apparatus,
at least one content-specific DEQ) spectral profile to equal-
1ze according to the content or type of content repre-
sented by the audio signal, and
at least one equalization-type specific DEQ spectral profile
to equalize according to a type of equalization eflect
wherein the equalizing according to the type of equal-
1zation eflect 1s boost treble equalization, boost bass
equalization, or flatten equalization.
23. An apparatus as recited 1n claim 22, further comprising,
a storage subsystem operative to store a set of predefined
EQ spectral profiles, and wherein the selected predefined
EQ spectral profile 1s one of the stored set of predefined
EQ spectral profiles.

24. An apparatus as recited in claim 22, wherein the one or
more processors are operative to automatically select the
selected predefined DEQ spectral profile according to one or
more characteristics of the reproduction apparatus.

25. An apparatus as recited 1n claim 22, further comprising,
a control interface operative to accept user mput of the
selected predefined DEQ spectral profile.

26. An apparatus as recited in claim 22, further comprising:

a network interface coupled to a network,

wherein the one or more processors are operative to

retrieve at least a particular predefined DEQ spectral
profile from a serving processing system coupled to the
network, the serving processing system including or
coupled to a server storage subsystem in which a server
set of predefined DEQ spectral profiles 1s stored, the
retrieving comprising sending a request to the serving
processing system for the particular predefined DEQ
spectral profile; and recerving the requested particular
predefined DEQ spectral profile, and

wherein the one or more processors are operative to send a

request to an authentication processing system coupled
to the network, the request being to authenticate the
particular predefined DEQ spectral profile, the authen-
ticating processing system including or coupled to an
authentication storage subsystem in which a set of
authentication parameters 1s stored, and

wherein the one or more processors are further operative-to

receive an authenticity parameter from the authentica-
tion processing system, and to ascertain whether the
particular predefined DEQ spectral profile 1s usable as
the selected predefined DEQ) spectral profile according
to the recerved authenticity parameter.

277. An apparatus as recited in claim 22, further comprising:

a network interface coupled to a network,

wherein the one or more processors are operative to send a

request to an authentication processing system coupled
to the network, the request being to authenticate a par-
ticular predefined DEQ spectral profile, the authenticat-
ing processing system including or coupled to an
authentication storage subsystem in which a set of
authentication parameters 1s stored, and

wherein the one or more processors are further operative to
receive an authenticity parameter from the authentica-
tion processing system, and to ascertain whether the
particular predefined DEQ spectral profile 1s usable as
the selected predefined DEQ spectral profile according
to the recerved authenticity parameter.

» U U
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28. An apparatus as recited in claim 22, wherein the
selected predefined spectral profile includes authentication
information and spectral data, and wherein the one or more
processors are operative to:

ascertain whether the particular predefined DEQ) spectral

profile 1s usable as the selected predefined DEQ spectral
profile by comparing the authentication information to a
function of the spectral data.

29. An apparatus as recited 1n claim 28, wherein the authen-
tication information 1s encrypted by an encryption method
that can 1dentity the creator or manufacturer of the profile,
and wherein the ascertaining includes decrypting the authen-
tication information.

30. A method of operating a processing system for provid-
ing predefined dynamic equalization (DEQ) spectral profiles
for use by client processing systems, the processing system
comprising one or more processors, a storage subsystem, and
a network interface coupled to a network, such that the pro-
cessing system can communicate with one or more audio
signal processing apparatuses that are coupled to the network,
the method comprising:

storing a set of predefined DEQ spectral profiles 1n the

storage subsystem,

distributing directly, or via another processing system indi-

rectly, one or more of the stored predefined DEQ spec-
tral profiles to one or more audio signal processing appa-
ratuses coupled to the network, such that a particular
audio signal processing apparatus coupled to the net-
work, as a result of recerving a selected predefined DEQ)
spectral profile, can process an accepted audio signal
according to the selected predefined DEQ spectral pro-
file to generate a processed audio signal, the processing
including determining a spectral measure that 1s modi-
fied, including perceptual domain dynamic equalization
to dynamically adjust the time-varying spectral profile
of the audio signal to more closely match a time invariant
spectral profile according to the selected predefined
DEQ spectral profile, the processed audio signal being
for playback 1 a reproduction environment using a
reproduction apparatus;

wherein the plurality of stored predefined DEQ spectral

profile includes

at least one device-specific DEQ spectral profile to equal-

1ze for one or more characteristics of a reproduction
apparatus, or one or more characteristics of a reproduc-
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tion environment in which the reproduction apparatus,
or characteristics of both the reproduction environment
and the reproduction apparatus,

at least one content-specific DEQ spectral profile to equal-
1ze according to the content or type of content repre-
sented by the audio signal to be processed, and

at least one equalization-type specific DEQ spectral profile
to equalize according to a type of equalization efiect
wherein the equalizing according to the type of equal-
1zation eflect 1s boost treble equalization, boost bass
equalization, or flatten equalization.

31. A non-transitory computer-readable storage medium
configured with istructions that when executed by one or
more processors of a processing system, cause carrying out a
method of process an audio signal, the method comprising:

accepting an audio signal;

automatically selecting, or accepting a from a user a selec-
tion of a predefined dynamic equalization (DEQ) spec-
tral profile from a plurality of predefined spectral pro-
files that are locally stored or that have been remotely
stored:

processing the audio signal using the audio signal process-
ing apparatus according to the selected predefined DEQ
spectral profile to generate a processed audio signal, the
processing including determining a spectral measure
that 1s modified, including perceptual domain dynamic
equalization to dynamically adjust the time-varying
spectral profile of the audio signal to more closely match
a time invariant spectral profile according to the selected
predefined DEQ spectral profile, the processed audio
signal being for playback 1n a reproduction environment
using a reproduction apparatus,

wherein the selected predefined DEQ spectral profile
includes one or more of:

a device-specific DEQ spectral profile to equalize for one
or more characteristics of the reproduction apparatus, or
one or more characteristics of the reproduction environ-
ment, or characteristics of both the reproduction envi-
ronment and the reproduction apparatus,

a content-specific DEQ spectral profile to equalize accord-
ing to the content or type of content represented by the
audio signal, and

an equalization-type specific DEQ spectral profile to
equalize according to a type of equalization etiect.

¥ o # ¥ ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,929,567 B2 Page 1 of 1
APPLICATION NO. : 13/300489

DATED : January 6, 2015

INVENTOR(S) . Crockett et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Specification

In Column 6 line 19 after “Equalization”, kindly replace “(Pdeq)” with --(PDEQ)--.
In Column 14 line 59 before “Processing”, kindly replace “Pdeq” with --(PDEQ)--.
In Column 17 line 36 after “Perceptual™, kindly replace “Deq” with --DEQ--.
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